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Abstract
The purpaose aof this study was to elicit lessons learned in
business and industry in the fielding of expert systems. The
study looked at 12 research questions dealing with the

acquisition, maintenance, documentation, organizational,

-

performance, personnel, and software modification issues
associated with the support of expert systems. The study
surveyed the Fortune 500 corporations via questionnaire and
telephonic interviews.

The study found that the Fortune 500 corporations viewed
expert systems as an instrument of strategic advantage and were
very protective of what is considered proprietary information.
The study found the corportations to be particularly secretive
about costs of acquiring and maintaining expert systems.

Analysis of the questionnaire and interview data found that
expert systems in the Fortune S00 are predominately delivered on
! personal computer hardware and software systems, and primarily
developed and maintained in-house. Support issues such as the

software modification, performance, and documentation issues are
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L o g e 4o -

A STRATEGIC PLAN FOR SUPPORT OF
EXPERT SYSTEMS IN ORGANIZATIONS

I1.Int ion

Background

An expert system is a computer system that has stored in
it the problem solving knowledge of one or more human
experts in a particular field. Expert systems have the
potential of being able to aid human non-experts in problem
solving under conditions of uncertainty and where there are
many possible solutions, none aof which are clearcut. The
past few years have seen a rapid growth in the use of expert
systems in business and industry. Just as the private
sector views the use of expert systems as a means of
enhancing productivity and extending rare in-house
expertise, the Air Force has made a conscious decision to
apply the technology of expert systems in the management of
its resources (2).

The First expert system was fielded in 1973 by John
McDermott of Carnegie-Mellon University, For Digital
Equipment Corporation (DEC) and was called R1l, now XCON
(25). Rl was such a success, reportedly saving DEC about
$200,000 a month in staff costs (B8:17), that the system’'s
area of "expertise” was expanded fFrom configuration of Vax

11/780 systems only, to ten different DEC systems by the end

of 1984 (7).
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Since XCON, many prototype expart systems have been
reported in the literature as ”"being developed”, "in use”,
or "being discussed”. (B8) However, aside from the article
"Rl Revisited: Four Years In the Trenches”, by Judith
Bachant and John Mc Dermott, there is little to be found an
evaluations and support of actual, fielded, expert systems.
Perhaps the problem is best stated by Wendy Rauch-Hindin:

In the past few years, knowledge-system tools and

prototypes have become widespread in business and

industry. Moving these tools and prototypes to

production environments where they can be used in

an organization’'s everyday operations is this

year's challenge (30:639).
The Air Force faces the same challenge as it begins to bring
its own expert systems onlina. One indicatiaon that the Air
Force has accepted that challenge is evidenced by the
establishment of an AI Management Integration Office (AIMIO)
at AFLC Headquarters "to develop a coordinated command Al
program.” (2:3) A further indicator is the four phase
inctroduction of the Inventory Management Assistant (IMA)
expaert system developed by Dr. Mary Kay Allen as part of her
dissertation effort at the Ohio State University (14),

The AIMIO, in implementing the IMA system, will be
concerned with its chartered goal to "increase
productivity in all functional areas with relatively modest
investment” (2:1). In following this charter, the AIMIO or
similar organizations, need to know what aquisition,

maintenance, and documentation costs will be for a

particular expert system to properly assess the cost




benefits of implementing a system. The organization needs

to know how many persannel will be required to program and
maintain the expert system. Acceptable performance must be
specified in advance and verification and validation
procedures set up to insure the system performs at the
desired level. Once fielded, the organization needs to
determine proper software modification and configuration
control procedures. The manager of the organization
implementing expert systems requires infaormation regarding
these cost, personnel, performance, procedural, and
organizational issues to efficiently and effectively plan
support for an expert system. At the present time, the Air
Force does not have the direct experience of fielding expert

systems that business and industry have.

m temen

Since a review of the literature revealed little useful
information about fielded expert systems either in the
private or commercial sectors, an attempt was made to obtain
this information. Specifically, lessons learned in business
and industry needed to be captured and a prescriptive plan
developed, which would cutline how the ARir Farce should
address the acquisition, maintenance, documentation,
organizational, performance, personnel, and software
modification issues associated with expert systems. This
plan should provide long term support for expert systems to

enhance the Air Force's resource management capabilities.
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In order to develop a support strategy and plan, several

research questions were posed:

1. What should the acquisition costs be for
expert systems?

2. How should field performance of the expert
system be specified?

3. UWhat are the best ways to verify and
validate expert systems?

%Y. What documentation is required for fielded
expert systems?

S. Who will maintain expert systems for the
organization?

6. Should the responsibility for expert
systems be centralized or decentralized?

7. What are the organic personnel
requirements For maintenance of an expert system?

8. How will software deficiency reporting be
managed?

8. How often should expert systems be
modified?

10. How will configuration control be
maintained?

11. How much should expert systems caost the
Air Force for maintenance?

12. What specific lessons can be learned from

organizations that have successfully fielded
expert systems?

scope of the Study

This study did not examine expert systems within the
Department of Defense. The study reviewed only expert

systems in industry. Further, the study focussed on the

o "-J.\ _‘-..'-.’ .l \.")-‘h"_\‘\‘ L -.-‘.
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Fielding and implementation of expert systems, not on the
development of prototypes. .
This study gathered data concerning the maintenance and
performance of expert systems in the private sector and
applied a lessons learned approach to suggesting a plan for
support of expert systems for the Air Force. Much of this

plan should also be applicable to other DOD organizations

and Firms in the private sector.

Definiti
The following terms are used frequently throughout the
text. For the purpose of this research effort, they are

defined as follouws:

actificial Intelligence (AJ). According to Feigenbaum
and McCorduck (18981), artificial intelligence is

A subfield of computer science concerned with the
concepts and methods of symbolic inference by a
computer and the symbolic representation of the
knowledge to be used in making inferences. A
field aimed at pursuing the possibility that a
computer can be made to behave in ways that humans
recognize as 'intelligent’ behavior in each other”
(18:257).

Expert Sustem. An expert system is a computer system
that has stored in it the problem solving knowledge of ane
or more human experts in a particular field (24, 18, 34).

Fielded System. A fielded system is defined as an
expert system that has progressed beyond the research

prototype phase and is being used in daily operations for

the purpose for which it was designed (36).
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Eramg. A frame is "a knowledge representation scheme
that associates an object with a collection of features
(e.g., facts, rules, defaults, and active values)” (18:260).

Each feature is stored in a slot and a frame is that set of
slots that represent an object (1B8:260).

Knowledge Engineerjing. Knowledge engineering is the
process of building an expert system (36:392). This process
involves interviewing and working with domain experts to
capture their knowledge before, during, and after
programming the expert system.

Main nce. Maintenance of an sxpert system involves
the actual software modification of the system (18, 34).

Pecformance. Performance, as it pertains to an expert
system, is evaluated three ways: is the system efficient,
effective, and accepted by the user? The expert system is
efficient ifF it saves time for the usar and/or the expert.
The system is effective if an appropriate answer is arrived
at during a consultation. Whether or not a user accepts the
expert system is usually a function of the user friendliness
of the systam and the user interface (36).

Prototupe. An expert system prototype is ”...an initial
version of the expert system, usually from 25 to 200 rules,
that is developed to test overall knowledge representation
and inference strategies being employed to solve a
particular praoblem” (18:265).

Rule. In an expert system a rule is a two part

conditional statement. "The first part, comprised of one or

6
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more IF clauses, astablishes conditions that must apply if a
second part, comprised of one or more THEN clauses, is to be
VI acted upon” (18:865).

' Sypport. As used in this research effort, support is

defined as the maintenance and configuration control of, and

$ documentation for, an expert system.

1.0

B

% Vglidatign. Validation is the process of ensuring the

expert system is producing an appropriate answer (26, 36),
LY Uerjification. Verification is the process of reviewing
¥ the entries in the knowledge base for accuracy,

completeness, and consistency (11:2). This process is

W gimilar to debugging in conventional programming (26:42).

Voo

K RN

- -
-

N

e e e e e . e e i . ‘
B o O P 0 T e R N O e o N N T A A W v

o® D RN J YW ) Y ’
S l'.'.o.l.n',l.t.l. A G R



The purpose of this chapter is to provide an

understanding from the literaturse of the importance of ths
support issues for expert systems and to discuss what
answers to the research questions may be found in the
literature. This chapter is organized into ten major
sections, The first section discusses the acquisition
issues in fielding expert systems. The second section deals
with the performance issues and the third section discusses
the documentation requirements for fielded expert systems.
The next three sections deal with the maintenance,
organizational, and personnel issues. The seventh section
reviews the software modification issues. HMaintenance costs
are discussed in the eighth section. The ninth section
examines some of the lessons to be learned from
organizations that have fielded expert systems. The final

section summarizes the chapter.

A {sit]
There are three issues relevant to the acquisition of a
system which must be examined: the size of the expert
system; the time required to develop the expert system; and
the complexity of the expert system. This section loocks at

each of these issues in turn.

Sige. Orne of the most important steps in planning an




expert system is the issue of size. Uan Horn notes that
"the capacity of your computer often limits the capabilities
of an expert system” (3%:74). The question not only arises
of how much capacity is needed but also how capacity and
capability are measured in expert system terms. Stephen
Leibholtz, president of Analytics and manager of several
artificial intelligence projects, suggests that "a measure
of the size and complexity of an expert system is provided

b by the number of rules it contains” (24:37). Bill Beleuw,
manager of information services at Texas Instruments, also

notes that "the Tl PC or IBM PC with 640 Kbytes of memory

can handle systems in the 100 to 500 rule range, depending

on the complexity of the rules” (16:80). Although the

kilobytes, will actually limit the size of an expert system,

b

]

)
memory capacity of a computer, expressed in bytes or
the 500 rule/PC measure was useful as a means of comparison
in reviewing the literature

A The size of the expert system, measured in rules or

A

: frames varied widely in the literature. At one end of the

spectrum were expert systems of forty rules reported by

Dupont (13:109), 100 rules for an expert system at Ford

s B

Motor Company (10:24), and 160 rules for Informart’'s expert
system, called SNAP (16:78). At the intermediate levels,
Northrop reports an esxpert system with S00 rules (10:22),
Westinghouse has an expert system with 400+ rules (16:77),

and Dupont claims systems up to S00 rules (13:105),

LR Rt N W W SN

Companies with larger expsrt systems were American Express
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with its Authorization Assistant, 1000-1500 rules (17:32);
Coopers & Lybrand’s ExperTax, 2000 rules(23); Westinghouse's
CORA, 3000 frames (10:233; and Oigital Equipment’'s XCON,

with 8000 rules (12).

Complagxity. Most expert systems are either rule or
frame based systems. However, rules alone cannat be used as
a measure of complexity. Rule based systems predominate and
use IF-THEN statements. For example, IF a given situation
exists, THEN take these actions. The more complex the
expert system, the more situations or actions can be
addressed. For example, one rule may be composed of several
IF antecedents, followed by a "consequent” or action. The
antecedents are linked by the logical conjunctions AND or OR
(22:32). Thus a simple IF-THEN rule becomes a more complex
IF A AND B OR C AND D, THEN X rule. Similiarly, in frame
based systems, the more "slots” per frame, the more complex
the expert system. Data in this format was unavailable in
the literature for fielded expert systems.

Another problem with using the number of rules as the
only indicator of expert system complexity is that the data
base is not accounted for. An expert system that accesses a
general data base is an incomplete system without the data
base (27:101). A systems approach to planning an expert
system requires that the data base hardware and software
requirements be considered in the planning phase for both

current and projected needs.

10
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When considering the hardware and software requirements
for the delivered system, the manager should carefully
ravisw the enviromment in which the system will operats.

The greatest technology is useless if few people

understand it. The power of knowledge system

development tools lies in their ability to be used

by pesople with no Al experience (30:71).
Leibholtz pointed out that "the Al tools best for research
and advanced development are not the toals most appropriate
for oper=tional use” (24:38). Leibholtz also noted that
*,..once the expert system has been developed, it should be
migrated to a more conventional system” (24:38). While LISP
is recognized as an excellent research tool, the slowness
and expense of this development tool discourages practical
applications (24). LISP development requires a much higher
degree of Al expertise, which is both expensive and in short
supply, in both the programmer and the end user. However,
commercial software tools called shells require much less
training for both the programmer and the user and are far
less expensive than the Al research tools. An expert system
shell is software that provides the programmer with an
"inference engine”, the generic problem solving framework
for the rest of the expert system, and some basic
development tools, such as a text editor, debugger, and
graphics generateor. (16:76, 36:391) The programmer has to
complete the expert system by adding the domain knowledge of
the expert to the initially empty knowledge base (24:37).

Some data were available in the literature as to the

11




hardware and/or software being used to field expert systems

in the private sector.

Of all the references in the literature, only the APEX
expert system, PlanPower, was delivered on a Xerox 1186 LISP
machine (10:13)., Several companies had expert systems
running on mainframe computers. American Express (28),
Metropolitan Life (31), and R.R. Donnelley & Sons (10) all
use an [BM mainframe computer. Digital Equipment
Corporation and Boeing run expert systems on UAX
minicomputers (12, 31). Boeing also runs an expert system
called "Expert Executive” on an Apollo workstation (20:44).
The following Firms were reported to have expert systems
running on personal computers: Beckman Instruments, Chicago
First National Bank, Coopers & Lybrand, Dupont, Ford,
General Electric, Infomart, Travelers Insurance, and
Westinghouse (35, 31, 37, 10, 32, 16). Westinghouse also
reported development of an expert system on the Texas
Instruments PC (16:78),

Iime. In planning for the acquisition of an expert
system, a manager needs to know how much time should be
allotted for development of the expert system from
conception to fielded system. The data available from the
literature were presented in the form of development time
from concept to working prototype. American Express
reportedly developed its Authorization Assistant to the
first prototype in six months but the system was not

expected to become operational for another three to five

12
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months (28:85). Ford Motor Company developed its 100 rule
prototype in six weeks using two programmers (10:284).
According to Dr. Ed Mahler at Dupont, development time from
conception to a useable system takes about one hour per rule
(13:105). Other firms reporting development times were
Northrop, two months; IBM, 8 man-maonths; and Digital

Equipment, one year for XCON (10, 15, 12).

P man

At issue in the performance category are basically the
answers to two questions. First, how should the expert
system be specified in the planning stage? Second, how
should the expert system be verified and validated?

Waterman suggests that one of the pitfalls in system
testing and evaluation is that users may find the
performance disappointing in terms of both quality and
utility of answers produced (36:198), O0One of the first
issues to be resolved in the planning of an expert system 1is
how it will be specified and whether on-going testing or
evaluation of the the system is necessary once the system is
fielded. Waterman suggests that the prudent course is to
"...be sure to specify the minimum acceptable performance
that will allow the system to be considered a success”
(36:198).

Specifjcatjon. Specific lessons learned in the private
sector were difficult to determine from the literature.

Some companies specified an accuracy rate as their criterion

13
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for a successful system. The most comman indicators were
cost savings expressed in dollars or as a reduction in the
time required to do a particular job without the aid of the
expert system. Whether these indicators were specified

before or after fielding is unknown.

Three firms expressing accuracy as a standard were
Campbell Soup, Digital Equipment, and IBM. Campbell Soup’s
goal was an expert system "that could diagnose 33 percent of
a sterilizer’s malfunctions (33:69). Digital Equipment says
its expert system, XCON, has achieved a 38 percent accuracy
rate (12). ODOr. Herbert Schorr, group director of products
and technology at IBM, says one of IBM's expert systems is
100 percent accurate (15:65).

A few companies have indicated a cost savings in using
an expert system. Digital Equipment, for example, claims a
25 million dollar a year savings using XCON (17:31). IBM
claims a five million dollar per year savings (15:65). Ed
Mahler, head of Al activities at Dupont, does not specify a
dollar amount saved, but claims an 800 percent return on
investment for Just ten Dupaont expert systems (17:37). R.R.
Donnelley & Sons is using an expert system that allows a S0
percent reduction in mailing costs per single mailing
(10:25).

Some form of productivity increase was the predominant
method corporations used to describe their system’s
performance in the literature. Some expressed the
performance as a percentage increase in productivity, but

14
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most used examples of reduced time to do a certain task.
Dupont, for example, claims a payoff ratio increase of 10:1
For a successful expert system (37:35). Evensky & Brown
uses an expert system called PlanPower to reduce the amount
of computer time required to produce a financial plan from
S0 hours to 10 or 1S hours (10:139). American Express claims
a 25 percent reduction in decision time using the
Authorization Assistant expert system (17:32>. Beckman
Instruments’ expert system, SPINPRO, allows a 70 percent
reduction in centrifuge run times (35:5). The Delco Product
division of General Electric uses an expert system to reduce
a four week job to less than an hour (17:31). Lockheed uses
the Lockheed Expert System (LES) to shorten expert system
development time from 18 months to Four months (22:40).
Northrop uses an expert system to reduce process planning
time usually taking from eight to 12 hours to just fFive
minutes (10:20,22). Steelcase reduced job times from 24
hours to minutes (31:102). Travelers Corporation also used
PlanPower to reduce the time required to produce a fFinancial
plan from 30 to 12 hours (17:30). Westinghouse's expert
system, CORA, reduces from one or two days to 15 seconds the
time needed to select a suitable relay device for a customer
(10:24).

Verification and Val.datign. An expert system is never
completely finished (33:70). Van Horn notes that "fine
tuning, expanding its capabilities, and even major revisions
can continue indefinitely.” (34:84). In 1984 McDermott and

15
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Barchant predicted that XCON would ”...continue to grow and

evolve for as long as there is a configuration problem”
(7:21). At that time XCON had about 3300 rules (7:23).

XCON now has 8,000 rules (12). Because of this continual
growth characteristic, the verification and validation of an
expert system is the key to maintaining the accuracy and
consistency of the results the system is supposed to
produce. The greatest benefit of an expert system is
consistency and uniformity in its results (29:93). Van Horn
also states that "consistency and reliability ... are
paramount” (34%:1397).

Verification is simply checking the knowledge base for
accuracy, consistency, and completeness (l1l1:2). WValidation
is the process of ensuring the expert system is producing an
appropriate answer. 0One method suggested in the literature
to validate an expert system is to maintain a library of
test cases to test the expert system after modification
(5:82). If the expert system arrives at the appropriate
answer for the test case, then the expert system is
validated. Specific examples of corporate validation

procedures were not found in the literature.

Rocumentatijon

Documentation is a part of the support for an expert
system. AN assumption was made that, at one end aof the
spectrum, documentation might be simply a set of

instructions, verbal or written, on how to power up the

16




system. A set of online or onscreen instructions would then
help the user navigate through the system to a conclusion of
that session. A more complex set of documentation would be
required for a maintainer of the expert system.
Documentation might not be required for the end user if the
expert system was embedded in another decision support or
management information system being used and thus was
transparent to the user. The user would simply be unaware
that he or she was using an expert system (30:70). At the
opposite end of the spectrum, a user’s manual for the expert
system and the rule listing provide more sophisticated
examples of documentation (3:4). No specific information on
existing corporate documentation was found in the

literature.

Maintenance

For any expert system, there must be someone to maintain
the system and to continue to serve as the source of
expertise for the expert system. In some cases, the expert
might be the person who programs the expert system.
However, the person who maintains the system, once fielded,
may not be the individual wha originally programmed the
system. At issue is whether the expert system development
and/or maintenance will be performed in-house ar contracted
to a vendor. In some cases, the relative risk involved and
the amount of resident Al expertise will heavily influence

the decision to contract the maintenance of the expert

17
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system. Firdman suggests that in-house expertise is a good
idea. “However, ... let peogple develop in-house tools only
if it is absolutely necessary and you have indisputable

expertise in the fField” (15:69).

Drganizatiaon

Whether or not the organization will develop the expert
system in-house, one issue to be considered is who will have
the responsibility for that system. Harmon notes that "it'’s
a good idea to make one person responsible for entering new
rules whenever data or procedures change or whenever
questions arise that the current system could not answer”
(18:263). This approach advocates centralized, rather than
decentralized responsibility fFor maintaining the system.
There were no examples in the literature of decentralized
control or responsibility. Other data, related to a
corporation’s Al organization, such as the size of the
staff,if any, devoted to expert systems, the experience
level of the individuals on the staff, and the duties of the

staff were not found in the literature.

Bersonnel

One of the things a manager needs to know in planning
the support for an expert system is the number of in-house
personnel that will be required to maintain the system.
This section assumes that the desision toc maintain the
system in-house has already been made by the firm. As

mentioned earlier, the person who maintains the system, once

18
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fielded, may not be the individual who originally programmed
the system. Specific information on the number of personnel
needed to maintain fielded expert systems in the private and

commercial sectors was not found.

£ ra Modj jon

The software modification issues will be covered in this
section. The issues are: how should software deficiency
reporting be handled?; how often should the expert system be
modified?; and how should configuration control of the
system be maintained?

Reficiency Reporting. Deficiency reporting is the
process of making the responsible person aware of a
syspected or known problem with the expert system (3:4).

The process may be formal or informal and may include
suggested enhancements (3:5). If only one person will be
using the system, a reasonable asumption would be that a
formal organization or procedure is not necessarily needed
or wanted. If the expert system serves several users, then
a more structured approach might be needed to make sure the
person or persons rasponsible for modifying the expert
system are aware of the problems or suggested enhancements.
The literature contained no information regarding the

sof tware deficiency reporting procedures corporations use 1in
their organizations.

Modificatign. Assuming a responsible person or

organization within the company is receaiving software
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deficiency reports and that the reported problems or
suggested enhancements are valid, how often should the
system be modified? Should the system be modified on a
continuous basis, on an as required basis, or should
reported deficiencies and suggested esnhancements be made on
a fixed periodic basis? The answers to the questions at
issue were not found in the literature.

nfi ign n . Once an expert sgstém has been
prototyped, validated, and fielded, the question of how to
maintain an "official” version of the expert system arises.
An official version is the current approved edition of the
expert system software with validated changes. The official
version also reflects company policies. The problem is of
greater magnitude in a larger organization that maintains
and distributes the official version to various remote
locations. Allen, Lammers, and Jenkins note that, within
the Air Force Logistics Command, "a key cancern will remain
the desire to limit the proliferation of hardware and
sof tware systems, without curbing inngvation” (6:7). 1If the
Air Force is concerned about configuration control, one
could logically assume that similar concern exists in the
private sactor. However, evidence to prove or disprove that

assumption was not found in the literature.

Najintenance Cgsts

This is an area that is not covered specifically in the

literature. An assumption was made that maintenance costs

20
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would include personnel costs, system growth costs,
documentation costs, and contractor costs. System growth is
defined in this research effort as an increase in the size
of the expert system due to an increase in the number of
rules or Frames, the amaount of memory required, or the

migration of the system from one hardware or software system
to another. Specific lessons learned in this area were not

available in the literature.

Lessons Learned

Lessons learned are the real objectives of this effort.
Lessons learned were sought in the literature under all the
previogus categories but were found to be lacking in specific
detail. For example, most firms that are willing to talk to
the press about expert system activities relate only the
advantages perceived by that company. Few mentions were
made of disadvantages, problems, or drawbacks to an expert
system. Some of the problems that were mentiomed were
keeping the knowledge base up to date (10:13), networking
(28:65), a shortage of knowledge engineers (38:48), the
slowness of expensive LISP research tools (24:38),
extracting expertise from the expert (24:36), migrating LISP
systems to personal computers (30:82), development and
producton casts (22:36), integration with existing hardware
and software (30:69), and the lack of a natural language
interface (9:62). The last point appeared to be a common

complaint in the literature for development tools that

21

g € v

D, DS SN

y_ v 8 -«



-

G -

require technical proficiency beyond that of the average
business user (16:77, 24:38). These problems and drawbacks
were noted but more specific information was desired for the

rasearch effort.

mmar

The purpose of this chapter was to review the literature
fFor answers to the research questions. The results of the
review are summarized below, as reflected in tables 2-1 and
2-2, located at the end of this chapter.

As indicated hy the gaps in tables 2-1 and 2-2,
information sufficient to answer the research questiaons was
not available from the literature. Specific, detailed
information was not found for fielded systems but, a
considerable information exists on research prototypes and
ideas for expert system applications. Many of the
references cited various companies as “develaoping” expert
systems or describe an expert system “under development” but
little is written about what is being done with operational
systems.

Most books and articles keep covering the same old
stary —— the tired examples from the late 13970’'s
or the heavily funded research projects at
universities or corporations. Unfortunately,
examples of everyday problems being solved using
this technology are not readily available. --
Terry Hengel (19:8)

Cost and productivity benefits of using expert systems

are reparted but the methodology used to derive the fiqures

is unclear. Further, almost nothing has been published
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about the maintenance and support issues regarding specific
problems and solutions to those problems. Harvey Newquist
I1I, editor of Al Trends Newsletter, suggested that the
proprietary nature of expert systems is responsible for the
secrecy associated with expert systems (1:54%). Another
editor suggested that the problems being solved might not be

”Flashy enough to warrant publishing” (139:8).

A P -

Whatever problems are solved, minimal acceptable
perfaormance of the system needs to be specified in the :
planning stage (36:1388). Standards of accuracy and speed .
need to be predetermined. These standards will help to
ensure user acceptance when coupled with a user friendly it
interface (36:1399).
The lack of published material to answer the basic research
gquestiaons drove the need for data collection via saome other
avenue. A questionnaire/interview approach was decided upon ]
as the methodology to be followed. The methodology is

discussed in Chapter I1I1.
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IaBLE 2-1

Reported Expert System
Performance Criteria

PRODUCTIVITY DOLLAR
COMPANY EXPERT SYSTERM INCREASE SAVINGS

Allied Signal

American Express Authorizatn reduce decision
Assistant time 25S%

Arthur D. Little CORP

Beckman Instrument SPINPRO 70% runtime

reduction

Bell Labs ACE

Boeing

Boeing Expert Exec.

Campbell Soup 99% accuracy

Chicago 1st Natl.

Coopers & Lybrand ExperTax "reduces time”
DEC XSITE
DEC XSEL
DEC XCON 98% accuracy 25 mi1ll.
Dupont 300+ 10:1 payoff 800% ROI
Evensky & Brown Planpower 35-40 hours
time reduction
Ford
GE/Delco Products 4 weeks to 1 hr
GTE Compass

General Instrument
General Dynamics ARBY
General Electric CATS-1
General Motors

Honeyuwell Mentor

“w W
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PRODUCTIVITY DOLLAR

COMPANY EXPERT SYSTEM INCREASE SAUINGS
1BM 100% accuracy S million
I1BM 100+

IBM DART

ITT

Infaomart SNAP

Litton R

Lockheed LES 18 mo. to 4 mo.

Martin Marietta
McODonnell Douglas
Metropolitan Life

Motorola

Northrop B8-12 hrs. to 5§’

Proctor & Gamble

R.R. Donnelley More/2 70-80% response 50% of
mail costs

RCA

Raytheon

Rockuwell

Sperry

Steelcase 24 hr. to minutes

TRW

Texas Instruments

Travelers Corp. Planpower 30 to 12 hrs.
Travelers Ins. M.1

U.S. Treasury

West inghouse CORA 1-2 days to 15 sec.

Sources: 1, 10, 12, 13, 14, 16, 17, 26, 21, 22, 23, &8, 31,
32, 33, 35, 37

25

[ PN " 0N NN I N W I T W I R R I LR R R I e S e e T S
I'n‘l l‘l‘l .. L) tl.l tv L) J.u 0.-. * '.A.l |...!» B ’ o I- > ";ilﬁ}ih.‘.-: h¢ﬂ\:¥:\_‘?_L-.'..;‘...’..?.A.'.A*_A*.:\_.-A‘i-‘gl‘.‘ J‘i"_‘:\A.'i~A>l~j



%,

o -

L ath ath g  ¥p ¢

IABLE 2-2

Acquisition Factors Reported

in the Literature

COST TIME TO

COMPANY LS DEVELQOP HARDWARE SIZE

Allied Signal

American Express 6 mo. 1Bt MF 1000-
1500 r.

Acrthur D, Little

Beckman Instrument 2600 IBn PC

Bell Labs

Boeing Mini/MF

Boeing Apollo WS

Campbell Soup 151 r.

Chicago lst Natl. IBM PC

Coopers & Lybrand IBM PC-AT 2000 r.

DEC VAX-11

DEC vAaX-11

DEC 1 yr. vAax-11 8000 r.

Dupont 20K esach 1 rule/hr. PC 40-500 r.

Evensky & Brown 45K 1186 Xerox

Ford 5K 12 m/wk. 1B PC 100+ r.

GE/Delco Products
GTE
General Instrument

General Dynamics
General Electric
General Motors
Honeywell

1BM

pPC 1500 r.

1BM

1BM

ITT
Infomart
Litton

PC 160 r.

26

r-r""",'),‘ld’q’.f- .
\$ -. '( # APy .r'\'l".r*'.nt‘

l

{

{

. -y {

".F J\Vy' } 1.’_-'% ﬁ \f\ 'V"".."..\.p\ﬂ



COoSsT TIME TO
COMPANY Ls3] DEVELOP HARDWARE SIZE

Lockheed 18 mo.

Martin Marietta

McOonnell Douglas

Metropolitan Life 300K IBM MF
| Motorola

s el S

Northrop 2 mo., 500 r.
Proctor & Gamble

R.R. Donnelley IBM MF

RCA

Raytheon

Rockwsll

Sperry

\ Steelcase

! TRW

Texas Instruments

Travelers Corp.

Travelers Ins. 1Bt PC

U.S. Treasury

Westinghouse UAX/PC 3000
Frms

Westinghouse Tl Pro. 400+ r.

Sources: 1, 10, 12, 13, 14, 16, 17, 20, 21, 22, 23, 28, 31,
32, 33, 35, 37
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I1T. nethodglogy

Chapter Qverview
The purpose of this chapter is to describe the

methodology used to collect and analyze the data which was
collected to answer the research questions posed in Chapter
I. The first section provides justification for use of the
survey approach to answer the research questions. The
survey instruments are discussed in the next three sections.
The population of interest in the research effort and the
rationale for taking a census rather than a sample of the
population are discussed in the fifth and sixth sections,
respectively. The next sectian describes the data
collection plan. Data analysis is explained in the eighth
section and a summary of the chapter is included as the

Final section,

Justification,

Since the information necessary to answer the research
questions posed in Chapter 1 was unavailable in the
literature, three options were available to collect the
data. These options were mail surveys, telephonic
interviews or personal intervisws. The first option, survey
by mcil, was selected initially as the best method aof
obtaining a large sample of data from the target population.
This method also made possible a census of the population.
Another advantage was the relatively impersonal nature of
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the mail questionnaire. This attribute was reinforced by a
written promise of anonymity for the respondents. HMore
candid responses were expected if the respondents knew that
responses were to be grouped and not attributed to any

particular person or company.

Q £ :

A questionnaire was used in this study to collect data
to answer the research questions posed in Chapter One. An
existing questionnaire, developed by Major Mary Kay Allen
and Lt Col Robert Peschke, AFIT School of Systems and
Logistics faculty, was found and extensively modified to
collect the data needed. The questionnaire was submitted to
two members of the faculty of AFIT for initial comment.

Then the questionnaire was subjected toc a pre-test by other
Al experts at four companies and one Air Force organization
known to be working with expert systems. All of the Al
experts involved in the pretest possessed extensive
experience in working with expert systems. After several
minor revisions and changes to the format, the questionnaire
was mailed out to the Fortune S00 companies.

The questionnaire was divided into two sections: one for
all companies with a planned or fielded expert system(s) and
a second section only for those companies with a fielded
system. If a company had more than one expert system, the
respondent was asked to respond to the questions for that

system for which the company had the most experience. The

29
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fFirst section requested the following information:

Company name.
Product line.
The existence or development of an expert
system at that company.
Information on the expert system:
The Functions,
Objectives, and
Users of the system.
Other pertinent information.
The stage of development.
The hardware host.
The shell or programming language
used.
Whether develaopment was in-house,
contracted, or both.
The size of the system.
The date development began.
The date the system was or would be
ready to field test.
The advantages or disadvantages of
the system.
Any drawbacks to the application,.
The rationale if no system either
existed or was planned.

The second section derived infarmation to answer the
research questions based on actual fielded system
experience. The questions were designed to provide an
indicator of the experience the company had in working with
fielded systems and to elicit the lessaons learned by the

company.

Ihe Surveu Questions

Questions on the survey mailed to the Fortune S00 were
designed specifically to answer the research questions. The
following discussion reiterates the research questions and
relates them to the questions on the survey designed to

answer them.
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Research Question 1. How much should expert systems

cost the Air Force for acgquisition?

Although one survey question, number 27, directly
requested information about the acquisition costs for the
respaondent's system, an assumption was made that this one
question might not capture the required data. Certainly,
question 27 alone would not provide a good indicator of cost
without also considering other factors such as the size of
the system, the complexity, the hardware host, the
programming language or expert system tool, external links
to hardware, software programs, data bases, etc., personnel,
and the time required to field the system.

In my opinion, several factors should be considered in
the aquisition of an expert system. The hardware factar
appears quite important. A system running on a PC will most
likely cost less than one running on a LISP machine,
mainframe, or minicomputer. A LISP machine, for example,
costs between $50,000 and $100,000 (22:40). A PC costs
about $5000 (37:36>. The software is also likely to be an
important factor. Popular commercial expert system
development tools are ART, $65,000; KEE, $30,000; and
Knowledge Craft, $50,000 (38:47). The choice of the expert
system development tool may be dependent on the hardware
hast. 1If the expert system will operate on a mainframe, the
software cost will be higher than if the hardware host were
a PC. For example, Aion’'s ADS shell costs $60,000 for the

IBM mainframe version and $7,000 for the IBM PC version
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g (38:47). An expert system hosted on a PC but accessing a
' data base located on a mainframe will require external
hardware and software links to the data base. Each piece of
aH the system adds incremental cast to the whole system and
should be considered. Development time is another important
factor. The longer the development time, the more costly
4 the system becomes. The amount of capital and company AI
expertise available will affect the decision to develop an
expert system in-house. Size and complexity are also
E factors. A larger, more complex expert system will require
more time to develop. Dupont uses an estimate of a rule per
hour to develop expert systems using shells (37:36).
Development of expert systems is faster using shells,
regardless of the size of the computer (16:77). All of the
following survey questions were designed to address these

. acquisition factors:

Survey Question 4. Is the application of an

f, expert system, within your organization, based an
d a (check all that apply):

> Personal Computer (e.g., IBM PC, Apple
MacIntaosh, etc.)>?

" Large, Dedicated AI (Artificial Intelligence)
o Workstation?

Minicomputer (e.g., VAX)7?

Mainframe (e.g., DEC, IBM, etc.)”?

™ Survey Question S. For each expert system in

> development/use, please identify the Shell or
Programming Language that is being used:

Survey Questign 6. What, if any, links to

o external (outside of the expert system(s))
) hardware, programs, data bases, and/or
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communications are in use? Please describe.

Sucvey guestign 7. Has your Expert System(s)

been developed, or will it be developed:
Completely In-House?

Partly In-House and Partly Contracted Out?

/ Please indicate approximata
percentage of each.

Completely Contracted Out?
sSucvey Question B. If your system(s) was

developed in-house, was your system(s) developed:
by end users?

by a service organization within your

company?
by a mix of both the above?

/ Please indicate approximate %

of each.

Survey Question 10. Please indicate the SIZE

of your Expert System(s) (approximate number of
rules or frames being used and the amount of
computer memory required to operate the system in
its current/planned configuration, including data
base):

What is the average size of each rule or
frame (i.e., the number of
conjunctions/disjunctions in the rule antecedent
or the number of slots/facets in each frame)?

Survey Question 11. Please indicate the

approximate date systam development began and the
approximate date the system was (will be) ready to
field test.

Survey Questign 27. What were/are the

approximate system costs for: Acquisition (from
decision to buy until system was ready to field
test)

sSucvey Question 28. In hindsight, how could

costs of acquiring and maintaining the system(s)
have been reduced in the planning and
implamentation phases?

33
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Research Question 2. How should field performance of

the expert system be specified?

Questions 12a and 26 from the survey were expected to
alicit answers to thae performance specification issues.

Syrveu Question 12a. What results/advantages

have you experiancad from this application to
date? (e.g., percent increase in productivity,
personnel reduction, cost-savings, etc.,)

Survey Questign 26. How is the system’s

performance measured? (e.g., what criteria, such
as accuracy of advice, time to complete a
consultation with the system(s), etc., are used ta
evaluate performance/usefulness?)

Besearch Question 3. What are the bast ways to

verify and validate expert systems?

L s e

Question 25 on the survey was designed to elicit a response
i resulting from lessons learned in the fFirm.

survey Question 25. What

verification/validation procedures work best for
the company? ‘

fielded expert systems?

4 Resegreh Questign 4. What documentation is required for

Survey question 17 was expected to elicit responses to
the documentation issue.

e i i i

Vv ion 17. What documentation (e.g.,
spacifications, test plan, user’'s manual, stc.)
has been established for the system(sl)? Do you
feel this documentation is sufficient? If not,
why not?

Research Question S. wWho will maintain expert systems

for the aorganization?

Questions 1B and 23 were expected to address the
maintenance and personnel issues directly.

Survey Question 18. How is the system

maintained?
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Completely Contracted Out v
Partly Contracted Qut, Partly In—house
Totally In-house

Why did you choose to maintain the system in this
manner? (lack of in-house expertise, cost, etc.)

T .

Survey Gu ion . Who performs the ;
modifications? \
Contractor and/or _____ In-house knowledge b
engineer(s) M

What lessons have you learned regarding system :
updates?

Research Question 6. Should the responsibility for

expert systems be centralized or decentralized?

Survey questions 139 and 20 were expected to help ansuwer
the organizational issue. A

survey Question 19. Is there a central

organization within your company with primary
responsibility to oversee the acgquisition, N
fielding, and maintenance of your expert '
system(s)? )

Yes No '

If sa, how many people staff this function?

If not, has your company ever had, or planned . gt
to have, such an internal organization? >

Yes _No

Survey Questiogon 20. What lessons have been

learned by your company as toc the necessity of
centralized versus decentralized control of expert
systems within your organization?

o s g% o SR 5

£ T

Research Question 7. what are the organic personnel Y

requirements for maintenance of an expert system? )

Question 9 addresses the personnel requirements for
organic maintenance.
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Survey Question 8. What is the size of your
staff devoted only to expert systems?

Research Question 8. How will software deficiency

reporting be managed?

Survey question 21 seeks a response based on lessons
learned in the company.

Survey Question Q1. How is software

deficiency reporting for the expert system(s)
handled in your company? (special forms required,
who reports, who receives reports, who acts on
reports, etc):

Research Question 9. How often should expert systems be

modified?

Question 22 addresses another of the software
modification issuas.

Sucvey Quegtion 22. How often is the system

modified? (e.g.,quarterly, whenever deficiency
detected, policy changes, etc.?)

Research Question 10. How will configuration control be

maintained?”

Guestion 24 on the survey addresses the third issue in
the software modification area.

Survey Guestiogn g4%. How is configuration

control of the system being maintained? Is
configuration contraol a problem? What
recommendations do you have regarding
configuration management of expert systems?

Research Question 11. How much should expert systems

cost the Air Force for maintenance?

Questions 14, 15, 16, 27, and 28 were expected to elicit
responsas regarding the maintanance aof an expart system in
terms of both dollars and le.sons learned:

Survey Questign 14%. How long has this

system(s) been in operational use within your
company? How many end users actually use the
systam(s)?
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Survey Questign 15. Has this expert system(s)

grown in size? (rules/frames/memaory requirements)

If so, what was the original size? Has the
infereance engine been changed?

Sucrvey Questign 16. Has it been moved from

one hardware/sof tware system to another (e.g.,
hardware: IBM PC to mainframe, etc.; software:

LISP to "C”, etc.). 1If so, what were the lessons

learned?

Survey Question 7. What were/are the

approximate system costs for:

Annual Maintenance (documentation, 2%-hour call-in

service, etc.):

Survey Question 28. In hindsight, how could

costs of acquiring and maintaining the system(s)

have been reduced in the planning and
implementation phases?

Research Questign 12. What specific lessons can be

learned from organizations that have successfully fielded

expert systems?

Several questions in the gquestionnaire solicited

responses to lessons learned under the various areas.
luestions 12b and 13 were designed to stimulate responses of
a more negative nature. These questions were aopen-ended so
that the respondent would feel constrained to restrict his

or her answer to a particular area.

Survey Question 12b. What difficulties,

if any, were encountered in scaling the expert

system up fraom the prototype model to the fully

cperational system?

survey Question 13. Please list any drawbacks

to this application:

This section has reiterated the research

questions and related them toc the survey questions designed

to answer them. The following sections discuss the

interview instrument, the population, rationale for a

census, the data collection plan, and data analysis.
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Intecviguws

Telephonic interviews were conducted with management and
Al experts at five of the companies surveyed based on the
experience of the companies involved with fielded expert
systems. The amount of experience with fialded expert
systems was gleaned from a review of the literature and fFrom
the returned questionnaires.

An interview guide was prepared using the results from
the questionnaire data analysis and the literature revieuw.
The intention of the teleponic interview was to amplify and
validate questionnaire fFindings based on those companies
having the most experience with fielded systems. Questions
not answered or that had ten or Fewer responses were
initially identified for the interview guide. Other
questions were added to amplify or enrich a response to a
previous question. Specific responses that were unclear to
the researcher were identified prior to a caompany’'s
interview a:'d included as part of the interview for
clarification during the interview. Questions that were
answered on the questionnaire were not duplicated in the
interview process unless clarification was necessary.
Interviews were tape recorded. A copy of the interview

guide is included as part of Appendix A, Survey Instruments.

Bopulation
The population of interest in this research effort was
defined as the Fortune S00 companies listed in the 28 April
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y 1986 issue of Fortune magazine. This population was chosen
as the desired population of interest for two reasons. The

K litaerature review revealed that two-thirds of the Fortune

) S00 companies have Al projects staffed and underway. (35:6)
The literature also revealed that two-thirds of Al

y applications in manufacturing firms are in the subfield of

P

expert systems. (8) Second, the Forture SO0 companies are
large, successful firms., An assumption was made that

successful fFirms actively work at being innovative and

[ D g o 4

productive and usually are the first to use new technology.
Since expert systems are still quite expensive and capital
! intensive, these are the type of companies that might have
o both the will and capital to implement expert systems in
their organizations.
Censug

A census of the population was taken rather than a

-

o sample fFor the following reasons. 0Only a few of the Fortune
S00 with ongoing Al projects were known. If at least two
thirds of these companies have Al projects underway (35:6)
and two thirds of all Al projects tend to be expert systems

(8), approximately 200 of the Fortune S00 should be actively

working with expert systems. In order to maximize the
raturn of questionnaires from companies with expert system
experience, a census was both desirable and necessary. In
| addition, the size of the population, 500, was small enough
to take a census. Finally, the anticipated return rate was
10 to 1S percent. With such a low anticipated return rate,
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a census was considered to be necessary to lend validity to
the data. Second, if the return rate were to prove to he
significantly higher, the increased validity of the results
would be an added bonus for the research effort.

Data Collection Plan

When the company was known to have an Al department, the
envelope was addressed to that department or the head of
that department, if known. When this information was not
readily available, the questionnaire was addressed to the
chief executive officer of the company. A pre-addressed,
stamped envelope was enclosed with the questicnnaire to
facilitate return. A cover letter was attached to the
questionnaire explaining the purpose of the questionnaire,
requesting participation, and offering an executive summary
to those companies responding to the survey. A sample cover
letter and the questionnaire are included in Appendix A.

The guestionnaires were mailed during the second week aof
May, 1987. Questionnaire data collection was suspended 4
August 13987,

Due to the time constraint imposed by the Air Force
Institute of Technology thesis due date, a followup survey
was not possible.

Interviews were conducted between 7 and 14 August 13887.
An unplanned opportunity to visit with Al experts at Dupont,
UNISYS, and DEC on 4 and S June 1987 was afforded the
researcher prior to the return of the questionnaire and
completion of the interview guide. The meetings at Dupont
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and UNISYS were tape recorded and relevant portions of those
meetings are presented in Appendix C. The meeting at DEC
was not tape recorded nor agreement reached with DEC on
publishing the notes from that meeting. For those reasons
the notes are not included as part of this report.
Data Analysis

The data were collected from the completed
questionnaires. Since most of the data were in the form of
qualitative answers, each questionnaire was hand scored and
the applicable data were transferred to manual charts.
Responses were tabulated and summary statistics calculated
using a handheld calculator. Summary statistics used were
frequency of response for both numerical and character data,
mean and median rasponse for numerical data, and modal
response for character data. The standard deviation was
also computed for numerical data. Due to the open-ended
nature of many of the survey questions, some responses
contained a numerical range of values. Whenever a numerical
range of values was given as a response, the average value
in the range was used in order to calculate the mean,
median, and standard deviation of that set of data. A
detailed discussion of how the results of each specific

survey question were analyzed will be provided in Chapter

1V,
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Summary

This chapter has discussed the methodology used to

conduct research to answer the research questions posed in
Chapter 1. First, the absence of the necessary information
in tha literature required a data collection effort. The
survey approach to collecting the necessary data was
Justified as the most efficient method of collecting the
data. A census, rather than a random sample, was determined
to be desirable because of the relatively small size of the
target population and to maximize coverage of those
companies having expert system experience. The survey
questions were related to the research questions and a data
collection plan outlined. Finally, analysis of the data was

discussed. The results are summarized in Chapter IV.
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IV, Eindings

Chapter Qverviow
The purpose of this chapter is to present the findings.

Findings are discussed in relation to the research questions

originally posed in Chapter I.

Questionnajre Results

Retycn Rate. Although the questionnaire return rate was
less than anticipated, the low rate of response lent
credence to Harvey Neuwquist'’'s statement that companies are
very secretive about expert systems because they use the
technology for strategic advantage (1:543. Of those
companies returning the questionnaire, 26 percent requested
anonymity for the ansuwers that were submitted.

OF the 500 questionnaires mailed out, 37 were returned
from 35 different companies. Two companies returned two
questionnaires, one each for two separate expert systems.
One of the 35 companies returning the questionnaire chose
not to participate in the research effort and merely
returned the blank questionnaire. Four additional firms
responded that they preferred not to participate, and did
not return the questionnaire. The overall response rate was
8.2 percent for 41 responses, with a participation rate of

6.8 percent, or 34 companies.
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As indicated from the literature review, if two-thirds
of the Fortune 500 companies had Al projects staffed and
under way in late 1986, then a reasonable expectation would
be a similar proportion in the returned questignnaires. O0Of
the 34 companies that responded, 23 had expert systems, a
relative frequency of 67.6 parcent.

Demographics. Of the companies that participated in the
survey, 14 ranked in the top 100 of the Faortune S500.
Twenty-two of the 3% participants, 64.7 percent, ranked in
the top half of the Fortune S00. The mean ranking, using
the 13986 Fortune 500 listing, was 195.688th out of S00. The
average change in ranking from 1985 to 1986 was -10.52. In
other words, those corporations participating in the survey
rose an average of 10.52 places in the 13986 Fortune S00
rankings.

Although there was a bias toward respondent corporations
being in the top half of the Fortune S00, B4.7 percent,
based on the 1986 rankings, the 1385 rankings indicated a
more evenly distributed cross section. Although 37.S
percent of the respondents fell in the top 100, 21.9 percent
fell in the 101 to 200 range, 12.5 percent fell in the 201
to 300 range, 12.5 percent in the 301 to 400 range, and 15.6
parcent were in the bottom 100 rankings. The
questionnaire was completed by individuals with a wi 'e range
of job titles. Respondents ranged from technicians to
managers, directors, to the chief executive officer of the

Firm., Five of the respondents held jobs in information

14
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; systems, five had jJob titles directly related to expert
systems or Al, and four were scientists or engineers.
Thirteen respondents were managers and six were directors.

One respondent was an assistant to the corporate vice

. president and one respondent was the chief executive
officer.
Descri ive Ana

A narrative summary of the fFindings based on the
original research questions is presented.
Research Question 1. How much should expert systems
cost the Air Force for acquisition?
Only two responses to the survey question asking for
costs of acquisition were received in dollar terms. 0One
| respondent reported an acquisition cost of 1000 dollars per
system and the other reported a cost of 15,000 dollars.
‘ When costs are compared to rule size, the cost of these
systems are approximately 25 and 80 dollars per rule,
respectively. Both systems ran on personal computers using
an expert system shell and averaged between B0 and 100 rules
; for the first system and between 170 and 350 rules for the
| second system. Three responses were received in terms of
| man-months or man-hours, 24 and 36 man-months and B0
man—-hours. The average number of man-months was 30 for the
two responses, 24 and 36. The 80 man-hour response
translates into 4 man-hours per rule and the other two

gystems approximate an acquisition cost of .048 and 7.68
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§7 man-hours per rule, respectively. The first two systems ran
; on a minicomputer and the other ran on a personal computer

} and included learning time for the expert system shell. The
%‘ first two systems used KEE and Fortran or COBOL,

T respectively.

o Forty-two percent of the respondents indicated that

;: theti~ expert system was hosted on a personal computer (PC).
t Al workstations comprised 22 percent of the responses,

ﬁ closely followed by minicomputer based expert systems, at 20
;{ percent. HMainframe based expert systems accounted for only
: 13 percent 3f the total responses. 0One respondent indicated
;2‘ an expert system based on a special architecturs.

iz LISP was the most common language in which the expert

1 system was written, but accounted for only 12.2 percent of
Er the total responses. Expert system shells, such as M.1,

3 5.1, Insight, and others, accounted for 53.6 percent of the
: responses. Higher order programming languages, such as

; Fortran and COBOL, accounted for only 7.0 percent of the

i total. LISP and OPSS together accounted for 22.8 percent of
\ the responses as general Al programming languages.

g The mast common response to the question about external
't links to the expert system reflected links to a data base or
: data bases. Almost 29 percent of the responses involved a
é livk to one or more data bases. Links to existing harduware
‘? and software and no links were the next maost common

,f responses, at 18.% percent and 15.8 percent, respectively.

g Communications links were next with 7.3 percent.
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Thirty-two respondents answered the question concerning
whether the company’'s expert system was developed in-house
or contracted. Of the total responses, exactly 7S5 percent
were that the company had developed the expert system

: totally in-house. 0Only 6.285 percent said the development
was completely contracted out. The remaining respdndents

E said their expert system was a mixture of in-house and

contracted development. Eighty percent of this latter group

of respondents gave approximate percentages for the amount

of in-house effort versus contracted effort . The responses
ranged from B0 percent down to 10 percent for organic h
development, with an average of 4S5 percent of the systems

having been developed in-house.

Of the 25 respondents who said that their expert system
b was developed completely in-house, only B8 percent wers
developed by the actual end users. A service organization
within the company developed the expert system, according to
40 percent of the respondents, and 52 percent said that the

development was completed by a combination of both end user

T ——

and service organizations. Of the seven respondents that
reported a mixture, three reported that end users developed
30 percent of the system, two said that end users did S0 .
percent, and two respondents said end users do 80 percent of
expert system development in the company. One respondent
said that 95 percent of expert systems development was done
by end users in his firm.

There were 23 responses to the question on the size of

47

LT, S WS

L A S T P S R I
"_.. _'-‘_‘I‘-J "o _‘I“:‘ | 2P

N



e
=

.
-
-

7oy

-2

the expert system, including the size of the associated data
base. Eighty-seven percent of the respondents said that
their expert system contained S00 rules or frames or less,
and required 640 kilobytes of memory or less. One
respondent gave a response of 2 to 16 megabytes, one
respondent claimed a 20,000 rule system, and two respondents
did not know the size of the system. There were five
separate respaonses for the size of the data base, three in
the megabyte range and two in the gigabyte range.

In response to the related question about the average
size of a rule or frame, 651.9 percent of the respondents
gave an answer between 3 and 10 conjunctions/disjunctions
per rule or slots per frame. Thirty-three percent of the
respondents gave a respaonse of unknown, NA, or "?”. O0One
respondent said the size “varies”.

Twenty-two respondents answered the question concerning
development time of the expert system. O0Of these, 27.2
percent said that development time was six months or less
and 22.7 percent said that development time was between
seven and 12 months. Twenty-seven percent said development
time was between 13 and 2t months and 13.6 percent claimed
between 25 and 36 months. Thirteen of the raespondents also
answered the question about system size in ruleé. wWhen
system size was cd.vided by time to develop, the méan time to
develop an expert system was 14.68 rules per month, with a
standard deviation of 11.17 rules,.

There were six responses toc the question on the survey
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regarding hindsight and reduction of the cost of acquiring
expert systems in the planning phase. Those responses were:
1. Better selection of problem.
2. Through different knowledge representatiaon
techniques, better user interfaces, etc.
3. In-house knowledge esngineering capability.
4, Had we waited until commercial tools had
bacome more mature, upgrade costs could have hsaen
reduced and training might have been better.
S. If people trained in expert systems had been
available, training and design implementation
could have been improved.

6. Hard to say. Not sure costs could be reduced
on the first application.

Research Question 2. How should fField performance of

the expert system be specified?

There were 26 responses to the survey question on the
results or advantages aof the company'’s expert systems.
Respondents were given three examples, percent increase in
productivity, personnel reduction, and cost savings.

Fifteen and one half percent of the responses were related
as percentage increases in productivity, such as a 200
percent productivity increase and an 80 percent personnel
reduction. Forty-six percent of the responses were couched
in generalities such as "hetter problem solution”, "enhanced
product performance”, and “increased quality”. The
remaining 38.5 percent were responses such as “too early to
predict”, “unknown”, "difficult to quantify”, or ”"still
learning”.

There were only ten responses from nine companies to the
survey question asking how the expert system’'s performance
was measured. Two of the responses involved accuracy:
accuracy of advice and accuracy of output. Three responses
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were negative: ”not measured”, "a non-issue...”, and "not
applicable”. The remaining responses were “improved system
utilization”, “ease of use”, "monitoring work samples”,

"compare to other statistical (fielded) systems”, and "the

only criteria is does it make money?”.

Research Question 3. What are the best ways to verify

and validate expert systems?

Ten respondents answered the verification and validation
question. Two of the responses stated that test cases were
used. 0One respondent said that actual use in problem
diagnosis was her company’s approach while another
respondent said that his company’s procedure was comparing
the expert system’s results against the results of other
methods. Four respondents said their procedures involved
user inputs or testing. 0One respondent reported a procedure
involving signatures and the remaining respondent did not
know what verification and validation procedures were being
used by her company.

R h 10 What documentation is required for
fielded expert systems?

There were 1F responses to the survey question on
established documentation for the respondent’s expert
system. User manuals, guides, operating procedures, or
instructions constituted 37.5 percent of the responses.
Specifications, program listings, and a decision tree
diagram comprised 25 percent of the responses. No
documentation was used by 12.5 percent of the respondents.

Only seven responses were received for the second part
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% of the documentation question, which asked for a response as
- to whether the caompany's documentation was sufficient. Five
;% . out of seven said that the documentation was sufficient.
i: Howsver, one company reporting on-screen documentation as

. sufficiant, also raported a problem with the usar interfaca.
: Another company reporting insufficient documentation also
g' reported a problem with the user interface. One of the

; remaining responses stated that ”paper documentation (vs.
L online) is almost impossible” and that no documentation had
; been approved yet in that Firm.

' Research Question S. Who will maintain expert systems
o for the organization?

‘i Eleven responses were recejved for this question. Nine
;f out of eleven, almost 82 percent, of the responses were that
i: maintenance was done totally in-house. 0One respondent said
‘i that maintenance was completely contracted out and the

; remaining respondent said that his company contracted S0
L7 percent of the maintenance.
fﬁ In answer to the query as to why maintenance was handled
; in the manner reported above, there were eight responses.
%: The two respondents that reported contract maintenance gave
.3 lack of in-house expertise and knowledge engineering
j; capability as the rétionale for contract maintenance. The
is respanses for the totally in-house maintainers were cost,
:é the retention of a competitive edge, the ability to have

: total control over the system, the development of in-house
> expertise, the desires of the user, and the fFact that the

+
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system was developed in—house.

Eleven respondents answered the question concerning who
modifies the expert system. A distinction is made here
between maintenance and modification. Maintenance refers to
making changes to the expert system to insure a level of
performance. Modification refers to updates made to the
system to reflect policy changes or enhanced capability.
There was a one-to-one correlation of contract and in-house
maintenance and modification of the system. The nine
in-house maintainers stated that in-house knowledge
engineers or domain experts modify their systems. The
contractor modified 100 and 90 percent of the other two
systems, respectively. Regarding lessons learned in the
maintenance area, the respondents made five recommendations
or observations:

1. Keep an audit trail of up-dates and validate
the system after changes.

2. A more straightforward design and simpler
coding equates to 100 percent in-house maintenance
3. You cannot "just add a rule” to add more
knowledge.

%Y. The domain experts are never satisfied.

5. Maintenance of the expert system can be

accomodated more readily than conventional
sof tware systems.

Research Question 6. Should the responsibility for

expert systems be centralized or decentralized?

There were r2leven responses to the survey question

inquiring as to the existence of a central organization

within the company with primary responsibility for
acquiring, fielding, and maintaining expert systems.

Seventy-one percent of the companies responding said there
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was no such organization within their company. Only one of
these companies said that such an organization was planned.
Of the three respondents with a central organization, two
reported the size of their organization as 80 and 1,
reaspaectively.

The other survey question in the centralization of
responsibility area asked for lessons learned as to the
necessity of centralized versus decentralized control of
expert systems within the respondent's organization. There
were eight responses to this question. OFf the eight, three
respondents were positive towards user or decentralized
control. One positively favored centralized control to
preserve the integrity of the system. 0One respondent said
that decentralized control meant loss of economies of scale
and duplication of training effort. 0One of the respondents
believed both approaches had merit, one said his company had
not addressed the issue, and one respondent observed that
her Al group had limited success in selling itself in some

areas.

Research Question 7., WwWhat are the organic persaonnel

requirements for maintenance of an expert system?
Twenty-three companies answered the survey question that
asked for the number of pecple on the company staff devoted
only to expert systems. The mean size of the staff was
6.85, with a standard deviation of 11.0, and a range of zero
to S0. Fifty-seven percent of the responses were between .S

and 3 for the staff size. Only 13 percent reported a staff
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size of zero. The median staff size was three peaple.

. How will software deficiency
reporting be managed?

Eight respondents answered the survey question on how
software deficiency reporting is handled within the
respondent’s campany. Fifty percent of the respondsnts
reported some type of user responsihle procedure, such as
user reports to the design engineer, or user reports to the
responsible party at corporate headquarters. One respondent
indicated that no formal system was planned for deficiency
raporting. Another respondent said that deficiency
reporting was not done except locally. The remaining

responses were: “verbal” and "request fForms to EOP".

Research Question 9. How often should expert systems be
modified?

Nine companies responded to the survey question on how
often their expert system was modified. Three of the
respondents, 33.3 percent, reported continuous or constant
modifications, another 44.S percent reported as required
type modifications, and the remaining 22.2 percent reported
modifications for policy changes or to mest expanded
functions.

Two basic types of modifications were determined from
the surveys: planned and unplanned. Planned changes are
defined here as those char ges not immediately critical to
system performance. Unplanned modifications are those
necessary to maintain system performance. Unplanned
modifications were characterized by words such as constant
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and continual, or phases such as whanever necessary, as

required, or whenever a deficiency is reported. Based on
the reported results of the surveys, almost 80 percent of

modifications are unplanned.

Research Guestion 10. How will configuration control be

maintained?

This question was on the survey as a three part
question. The first part asked how configuration control
was handled in the respondent’s company. The second part
asked if configuration control was a problem. The third
part requested recommendations for configuration management
of expert systems. Eight companies responded to individual
parts of the question; however, one company’'s response was
"no comment” to all three parts of the question.

Three responses were given for part one. 0One respondent
reported that the user had configuration control. Another
respondent said that her company needed to address the issue
and the other respondent said that he did not understand
configuration control.

Four respondents reported no problems with configuration
control. The Four caompanies together had a mean of 13.5
months operational experience with expert systems. 0One of
the four indicated one month of operational experience and
the other three had a mean of 17.6 months of experience with
operational expert systems. One company said yes, there was
a problem, and that the company was studying conventional

configuration control products.
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There were no responses to part three of the question.

h ign 11. How much should expert systems
cost the Air Force for maintenance?

There were seven responses to the question as to the
annual maintenance costs for the respondent’s expert system.
One respondent said 1000 dollars; one said 100 to 200
dollars per year, including upgrades; two respondents gave
18 man—-months as their response; two respondents said "NA”;
and one respondent said that the "end users are maintaining
it”. For one of the companies, 18 man—-months meant an
average of .036 man-months per rule spent in maintaining the
system. The other company reporting 18 man-months did not
reveal the size of the expert system.

Eleven companies responded to the question concerning
how long the system had been operational. Just over 27
percent had been aperational for six months or less.
Slightly less than 46 percent had been operational for
between 13 and 24 months, and another 18 percent reported
operational systems between 25 and 48 months. 0One
respondent, the remaining 9 percent, reported an operatiocnal
system for 10 years. The average length of time for an
operational system for the responding companies, excluding
the 10 year response, was 18.3 months with a standard
deviation of 16.3 months. The median operational time was
1S months.

Ten companies reported a total of 3323 users, for a mean

of 332.8 users per company and a standard deviation of
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939.2. The median response was 9.5 users per campany.
Responses ranged between one and 3000.

The next question in this area asked the respondent to
report whether the expert system had grown in size, the
original size if it had, and whether the inference engine
had changed. Ten respondents answered the first part of
this question, 11 respandents answered the last part of the
question. Eighty percent said yes, the system had grown.
Responses ranged from a SO percent growth to 300 percent
growth in the number of rules or rule-equivalents.
Seventy-three percent of the respondents said the inference
engine had not changed.

Respondents were then asked if the expert system had
been maved from aone hardware or software system to another
and if any lessons had been learned. Those that said yes,
the system had been moved or a move was in progress,
comprised 50 percent of the ten responses to this question.
Of the five respondents that said yes, three reported
hardware moves and two reported software moves, from LISP to
KEE and from Prolog to ”"C”. The lessons learned were:

1. Double the time given by the vendor to convert
from LISP to KEE.

2. The programming language "C” is much faster
than Prolog.

3. Concerning a particular hardware change, “the
system should have been redesigned”.

The last question in this area was survey question 28,

which was also discussed under research question one in this

chapter. The question asked the respondent to use hindsight
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and recommend ways of reducing maintenance costs in the

planning and implementation phases. The pertinent
recommendations were that in-house knowledge engineering
capability, better user interfaces, and more mature

communications products would have lowered upgrade costs.

Research Question 12. What specific lessons can be

learned from organizations that have successfully fielded
expert systems?

The first question in this area concerned any
difficulties in scaling the expert system up from the
prototype to a fully operational system, Twenty-five
different responses were received from 19 companies on this
question. Seven respondents said there were either no
difficulties or no major difficulties. Five responses dealt
with performance, i.e., too slow, "performance”, and ”"real
time processing”. Four responses related to knowledge
engineering or software problems, two of which mentioned
LISP as part of the problem. Two responses mentioned user
interfaces as a difficulty and one response dealt with a
hardware problem. Three responses were ”"not applicable”, in
process, or "not scaled up yet”. Two responses dealt with
difficulties connecting the expert system to the data base.

The last question asked the respondent to relate any
drawbacks to the expert system’'s application. Nineteen
responses were received to this question. Six respondents
reported no drawbacks to the expert system. Six responses
were related to performance of the system, four related to
knowledge engineering problems, one response dealt with the

58

-----------

.........

o ¢ e .
Admihﬁdu‘Jﬁhﬂn&h&Aﬁﬂm‘umidfif\Lgbdmuaﬁ VA TN wy T Y, O S T S




difficulty in maintaining the system, and one response was a
complaint that the system was not exercised enough. One
respondent stated that the development of the expert system
took too long.

Interview Results

4 Four questionnaire respondents and one person from a

o/

non-responding company identified from the literature review
were interviewed by telephone between 7 and 1% August 13987.
A narrative summary of the interview results based on the

) original research questions is presented.

Research Question 1. What should the acquisition costs

be for expert systems?

{ One respondent stated flatly that this information was
proprietary and could not be disclosed. Another respondent
was evasive and did not answer the question. The remainder
of responses to a direct gquestion on costs were 1000
dollars, €E0,000 dollars, and 12 man-years. Based on other
information supplied by the literature or questionnaire on

L the size of their systems, the cost per rule or
rule-equivalent was computed as %25, $70, and 0.24% man-years
per rule, respectively. The respondents also indicated that

the latter two systems were first systems for the company

and that the development time was much longer for the first

system, .
Persons interviewed were also asked how the costs of d

acquiring and maintaining the systems were justified and how

the cost benefits were identified. The general response was )
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that return on investment or payback was the key. 0One
respondent stated that no immediate payback was expected or
computed but that the capture of expertise was expected to
pay dividends in the fFuture. Answers were phrased in
general terms such as "reduced number of praoblems”, the
amount of expert system useage, the number of orders handled
by the system, and so forth.

When asked to speculate on how costs could have been
reduced in planning and implementing an expert system, most
of the respondents indicated that this question was hard to
answer . Responses ranged from having in-house knowlege
engineering capabilities to doing a better job of
transferring technology, to better education of the user,
user maintenance, and using a diffsrent knowledge

representation technique.

Research Question 2. How should field performance of

the expert system be specified?

Respondents were asked to elaborate on results or
advantages of the expert system. Responses were consistency
of results, a 1500 percent return on total cash effort, a 7S
percent reduction in time required to accomplish a task, and
reduced downtime of equipment.

When asked how these results were measured, one
respondent replied that his company used to measure the
results but that now the system was an integral part of the
overall system and that the performance of the expert system

is accepted. Another respondent said that the real cost is
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compared to the estimated cost by not using the expert

system and the difference is the cost-savings. The other
respondents indicated that measurément of results was
difficult to quantify.

Respaondents were also asked how the system’'s performance
was measuread and how often fFormal evaluations were repeated.
One respondent said that the only criterion was if the
system made money. Other responses indicated that if the
system does the job it is supposed to do, then the
performance is acceptable and this is a measure of success.
One respondent went further and said that the number of
users on the system was a measure of performance. Only one
person interviewed said that formal evaluations were done

and that these evaluations were performed with sach new

release of the expert system software.

Research Question 3. What are the best ways to verify

and validate expert systems?

Respondents were asked to explain what verification and
validation procedures work best for their company and how
does the company insure that verification and validation 1is
done correctly. Three of the five people i1nterviewed
indicated that the verification and validation procedure was
a cooperative effort between users and developers and that
test cases were used to validate changes. 0One respondent
said that after the initial testing, the system was
subjected to "trial by fire” and that there was no conscious

effort made at creating exhaustive test cases,
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Research Questign 4. What documentation is required for

fielded expert systems?

The respondents were asked what documentation had been
established for their expert system and if the documentation
was sufficient. One respondent said that there was no
documantation because the sxpert system development tools
used were self documenting. On-screen documentation was the
choice for two more of the respondents while the other two
said that user’s manuals, guides, specifications, and/or
test plans were used. All those interviewed thought the
documentation was sufficient but one respondent said that

perhaps too much documentation existed at her company.

Besearch Question 5. Who will maintain expert systems

for the organization?

Of the five companies interviewed, four maintain their
expert systems totally in-house, while the other company has
contracted maintenance only. The company that contracts
maintenance indicated that time constraints and lack of
in-house expertise lead both to the initial contract
development of the expert system and the subsaquent
maintenance requirement. The other companies were asked a
series of questions on in-house maintenance.

All those interviewed indicated that in-house
deavelopment and maintenance was the desired goal of the
company. One respondent explained that the exper’ ise was in
the company, so the development and maintenance should be, .
too.

Basearch Question 6. Should the responsibility for
62
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expert systems be centralized or decentralized?

The respondents were asked if a central organization
axisted within their company with responsibility for expert
gystems, the size of the staff, their duties and

d backgrounds, and lessons learned about the necessity of
centralized control.

Four of the five companies have a centralized
organization with primary responsibility for the development
of expert systems although one company sees its central
organization as a training base and catalyst for expert
system development. The other firm follows an overall
policy which espouses decentralized control throughout the
company. The size of this organization ranged from one to
35. Duties of the staff were researching and developing,
coding, interfacing, and problem solving. Backgrounds
ranged from computer scientists to engineers, with one
company reporting no formal Al experience on the staff.

| The responses on the necessity of centralized control

were varied. One company’s philosophy is “extremely

decentralized”. Another company preferred the centralized
approach. The other three companies provided an "it

depends” type answer to the questiaon. One said that

|

|

)

»

|

' ) centralization depends on the application. A large system

3 affecting the entire corporation should be under centralized
|

; control but a smaller application with local impact could be
} under decentralized control. The respondent also indicated
3 that centralized maintenance was not desirable. Another
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& response was that control should be where the knowledge is,

and centralized at that location. The company with

£ decentralized control because of company policy indicated

& that there could be some advantages to centralized control

\% dus to duplication of effort and availability of scarce

.X resources, Further, centralized control could be more

%‘ closely attuned to the user. :

™ Research Question 7. What are the organic personnel f

g‘ requirements for maintenance of an expert system? i

:é The respondents were asked who maintained the system, i

E was it a full time job, did the maintenance person have

0 another job, and did the same maintenance person have j

iﬂ respansibility for more than one system. All four of those

i& interviewed indicated that the systems were maintained by

.ﬁ users. Three of the four indicated definitely that the

i; maintenance was only part of the person’s job. Half said

:‘ that the maintainer had responsibility for only one system

x and the other half said that the responsible party might

‘g mainﬁain more than one system.

~ Research Question 8. How will software deficiency !
reporting be managed? %

j One company has established a problem hotline and ‘

;: requires a regular monthly user report to esvaluate problems

% and to verify that the system is being used. The others

ﬁ interviewed do not have formal reporting procedures. The

i user reports the deficiency to a responsible party such as a

_3 design engineer or the expert systam "owner” in these

i. organizations.

,
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Research Question 9. How often should expert systems be

modified?
The consensus of opinion on this question was that the
systam should be modified whenevaer a deficiency is detected

or ”as required”.

Research Question 10. How will “‘configuration control be

maintained?

The consensus of opinion in the area of configuration
control was that configuration control was not a problem, at
least not yet. One company said that the potential was
there for a maJér problem while another said that
configuration control was "not a big deal”. Three of the
five companies do not have a configuration management
system. The other two corporations indicated that
configuration control is maintained through limited releases
of new versions of the expert system software. Lessons
learned in configuration managemant were:

a. users must be heavily involved.

b. keep management informed of changes.

c. the more knowledge gained about the problem,
the more problems encountered in maintaining the
system.

The last lesson learned refers to a peculiarity of
expert systems noted by both one of those interviewed and
one questionnaire respondent. The peculiafitg is that as
more of the problem is analyzed, more knowledge is gained.
As more is known about the problem, more rules are needed in

the expert system. New rules affect old rules so that, as

mentioned in the questionnaire results, "you can’'t just add
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a rule” to add new knowledge.

Research Guestion 11. How much should expert systems
cost the Air Force for maintenance?

The respondents were asked for an opinion as to the
annual maintenance costs for an expert system. The
responses were 100-200 dollars per year; 1.5 million dollars
per year; depending on thevsize and application, 1-2
man-months or 1-2 people full time; and 1 part-time person.
The 100 to 200 dollar per year costs were for PC hosted
systems developed using a shell, averaging 80 to 100 rules
in size, and maintained by the domain expert. The system
that costs 1.5 million dallars annually to maintain is a
10,000 rule system written in OPSS, hosted on a Vax
minicomputer, and maintained by a team of knowledge
engineers. When the dollar costs are divided by the number
of rules in the system, the dollar cost per rule could range
from $1.25 to $2.00 per rule for a personal computer hosted
system, to $150 per rule for a very large, mainframe based

system,

Research Question la. What specific lessons can he

learned from organizations that have successfully fielded
expert systems?

[essons learned were the main reasons for conducting
interviews in addition to conducting a questionnaire survey.
Additional questions, not on the original questionnaire,
were placed on the interview guide to ask during the
interview process. Those questions are covered in this
saction.

Two additional lessons learned in gcaling up the expert

66

S S W -, A ] P PulE P Nt S PR N Ta e e Ay - . LR} . . . &
o ).\ . N ’ A . - . ‘ S I \ﬁ-:;-‘"""'_\;t:-i s '..-‘.:_‘.-\.'-'."\{'f'f\."!\'[\ :;:"'."F":"‘-"ptll



B, L A

»
-
-

RS

CEA 2,

a S\

LA A

‘e“a"a

-,
<,
v

- » -
Ca
e, ‘-'I AN LA ,\.

system from the prototype to the operational system were
suggested by one of the persons interviewed. The lessons
learned were to pay attention to the performance issue and
to insure more user involvement during the development
phase.

Respondents were asked how their companies decided on
applications to pursue. The following criteria were
suggested by those interviewed.

a. Survey for needs.

b. Look for an application where the technology
can be applied.

c. Look for long range problems to solve, not
problems that must be solved next quarter.

d. Look for retiring expertise and try to capture
that expertise.

e. Pick projects that will be conspicuous.

f. Look for applications that will produce a
finite payback, increased productivity, and/or
enhanced product line.

g. Make sure the scope of the project is bounded.
h. Let the domain expert pick his or her ouwn
problem, where the domain expert is also the
developer of the expert system.

The respondents were also asked if any cost benefit
analysis was done to decide on which applications to pursue
and, if so, what factors were considered in doing the
analysis. One corporation said that about three minutes of
"back of the envelope” analysis was done. Two firms said
that they had tried it but that gross assumptions had to be
made and that quantification of benefits was difficult.
Another firm looked at previous experiences with the

software, the existing hardware, and the training of the

personnel involved., The other corporation reported that no
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cost benefit analysis was done; the company simply looked
for the best match between need and technology for feasible
applications.

The corporations were also asked how long it took to get
from a prototype to a fislded system. Two firms stated that
the time depends on the size of the system, the problem, the
domain expert, and the development tool. The actual time
estimates ranged between 1-2 months on a personal computer
using a shell, to six months contracted development on a
personal computer, to between 12 and 18 months on an Al
workstation.

Summary

This chapter has reported the findings of the survey
instruments. The findings were discussed in relatian to the
research questions originally posed in Chapter I. Summary
tables of the results by survey question may be found in
Appendix B. Chapter U will discuss the conclusions of the

study and recommendations for Further research.
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V. Summary, Conclusions, and Recommendations

h vervj

The purpaose of this chapter is to summarize the research
effort, present the conclusions, and recommend areas for

further research. Conclusions are discussed in response to

the research questions originally posed in Chapter 1.

nifican R h.

Although the questionnaire return rate was less than
anticipated, the low rate of response lent credence to
Harvey Newquist's statement that companies are very
secretive about expert systems because they use the
technology for strategic advantage (1:54). The effects of a
low response rate were minimized by conducting a census of
the target population, the Fortune 500 corporations.
Conclusions are assumed to reflect the population in
general.

The research effort clearly indicates that corportions
are still learning the answers to many of the support issues
for expert systems. Business and industry, although more
experienced than the DOD in fielding expert systems, still
have;verg few answers.

However, the questionnaire and interview guide,
developed to probe the lessons learned in fielding expert
systems, provide the foundation tools for further research

in this area. These tocols are believed to represent a
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significant contribution to the field.

mm a

The last few years have seen a rapid growth in the use
of expert systems in business and industry. The private
sector views expert systems as a means of enhancing
productivity, extending rare in-house expertise, and
insuring strategic advantage. The Air Force also views the
technology of expert systems as a means to more effectively
manage resources and to enhance productivity. However, maost
of the experience gained in fielding expert systems exists
in business and industry.

The purpose of this research was to capture lessons
learned in fFielding expert systems and to apply those
lessons learned to plan the support of expert suystems.
Specifically, the support issues associated with expert
systems such as the acquisition, maintenance, documentation,
organizational, performance, personnel, and software
modification issues needed to be addressed. Research
questions were developed to address the support issues and a
review of the literature was conducted to obtain the data to
answer those questions.

Twelve research questions were investigated:

1. what should the acquisition costs be for
expert systems?

2. How should field performance of the expert
system be specified?

3. What are the best ways to verify and
validate expert systems?
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4. What documentation is required for fielded
expert systems?

5. Who will maintain expert systems for the
arganizatiaon?

6. Should the responsibility for expert
- systems be centralized or decentralized?

7. What are the organic personnel
requirements for maintenance of an expert system?

8. How will software deficiency reporting be
managed?

9. How often should expert systems be
modified?

10. How will configuration control be
maintained?

11. How much should expert systems cost the
Air Force for maintenance?

12. What specific lessons can be learned from
organizations that have successfully fielded
expert systems”?

Since the information necessary to answer the research
questions was not found in the literature, a survey }
methodology was decided upon to gather the required data.
Initial data was gathered through the use of a
questionnaire. Further data was collected by conducting

" telephonic interviews. The target population was the

Fortune 500 corporations because of the perceived 3

successfulness of those companies. A census was undertaken
because of the relatively small size of the target

1 population and to maximize the return of the questionnaire.
Questionnaire data were collected from mid-May 1987 until 4

August 1987, Telephonic interviews were conducted bewteen 7
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and 14 August 13987,

The data were analyzed and summary statistics such as
fFrequency of response, mean, median, and standard deviatian
were computed for each question involving numerical data.
Frequency of response and the modal response were statistics
computed for non-numerical responses. The findings were

presented in Chapter IV.

Conclusions
The conclusions are presented with emphasis on the

original research questions.,

Research Question 1. How much should expert systems
cost the Air Force for acquisition?

Conclusion 1. The cost of an expert system hosted on a

ersona omputer (PC) and ing a commercial shell could
range from 25 to 80 dollars per rule or rule eguivalent.

The results of the survey for other hardware haosts, such as
the minicomputer varied too widely to permit a conclusion to
be drawn for those systems. No cost data were received for

mainframe hosted expert systems.

Congclusion 2. Perspnal computers appear to be the most
common hardware host for expert systems. Personal computers

were twice as common a: either workstation or minicomputer
hosted systems. The survey indicated that PCs were 1in the
majority, at 42 percent. Further, indications from the
literature and the Dupont and UNISYS visits are that PC
hosted expert systems are growing in popularity.
Conclugiogn 3. Most expert systems are developed usaing
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pd systems sh . This conclusion complements the
previous conclusion. Development time is much less using a
commercial shell because the time to develop a custom made
development tool is eliminated. The size of expert systems
that can be developed on a PC is somewhat limited. However,
this restriction is offset by the fFact that many

applications do naot require more memory than that afforded

by a PC.
Conclusjon 4. The most important external links to a
m ink b s, existin
w n n mmunication uipment. Links

to data bases, particularly mainframe data bases, and to
existing hardware and software were mentianed most often in
both the questionnaire and the interview. Same expert
systems are desired solely because of the problems
associated with searching large data bases, typically hosted
on a large mainframe computer. The ability of an expert
system to interface with existing hardware and software is
very important to companies with large investments in

existing hardware and software.

Conclygion 9. A ms_are developed
= Vi n n n n
Y2 n n an n . Ninety-two percent af

the respondents on the survey said their expert systems were

developed this way.

4] N . m X m
cwiles or lesgs and yse £40 kilobutes of memory or less.
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Eighty-seven percent of the survey respondents reported that

thair systems fell within those parameters.

Although a wide range of rule sizes rasulted from the
survey, almost two-thirds, 62 percent, of the rule sizes
Fell within this range. The wide range of response was
expected, as each expert system has different requirements,
programmers, and so on.

Conclugsion O. Ihe time reguicred to devalgp most expect
systems is 1S mgnths gr lmss. Half of the compan.es
reported development times of 12 months or less. QOupanrt,
the most prolific of the companies developing expert
systems, reports an average development t.me for a PC hosted
expert system, developed using a shell, and composing about
80 rules, as one to two months, QObviousliy. & much .arger
system will take much longer to develop anrd some Ccmpa—.es
are faster than others at deve.oping e«<pert systems.

Conclusion J. A del.iveacy suatem .0 LISP aimoat

n -h ‘ s
and prohaRative tQo end yser MALNLEAnance. LISP requ.res more
expansive hardware to davelop the expert system and
personnel with more technical expertise to maintain the
system, once daveloped. This |evel of axpert.se was noted
to be above that which would be expected 1" a normal user 1n
business.

Research Questigon 2. How should field performance of
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the sxpart systam be specified?

Conciusion 10. Companiaes ace still leacning the answecs
Lo the parfogrmance issuss. Only 1S percent of the companies
were able to describe the rasults or advantages of their
axpert systems 1n quantifiable terms, such as s 200 percent
productivity 1ncrease. The great majority, almost 85
percent, could not quantify the results.

Lonciusion Ll. Muinimal acceqtalble ocacrfQrmance sSrou.d Qe
specifiad ip advance. It sappears from the resuits of the
survey Lnstruments that min,mal acceptablie pecrformance s
not specified 1n advance. It would follow ther, that the
corporations do not have a clear 1dea of the resuits or
advantages of their systems because of a failure to specify

what a successful system will be able to do for the company.

Bmasacch QuUAstion J whst are the best ways to

verify and validate expert systems”?

‘"guc =gu 'd ' 2 ~ . r . . [ ela
el . %l al * Sal* @ Based gr tthe
resu.ts of the survey i1nNstruments, [t appears that the

preferred method of ver.f.catior and val.datior i1nvol--es

some form of testing and user .nNputs.

Rassarch Questign 4 what documentation s required for

fielded expert systems?

Concluaign 1J. Corporatigns arm still leacnang the
anawera tg the documantation .33u83. User manuals, guides,
operating procedures, 1nstructions, specifications, program
listings, and a decisicon tree diagram comprised the majority
of responses to the survey lnstruments but there was no
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clear preference for any particular form of documentation.

The wide range of responses could i1ndicate that companies
are still expsrimeanting to find the best way to document the

expert system.

Rassacch Quastign S. Who will maintain expert systems

for the ocrganization?

Conclusign 1. [n-houss maintanance agpears to be the
arefacced sgucce £Oor aexpert system majptenance. Almost 82
percant, of the responses waere that maintenance was dane
totally 1n-houss. The rationale for in-house maintainers
was based on cost, the rstention of a competitive edge, the
ability to have total control over the system, the
development of 1n-house expaertise, the desires of the usar,
and the fact that the system was developed i1n-house. Lack
of i1n-house expertise and knowledge engineering capability

was the only rationale for contract maintenance.

Besmacrch Question §. Should the responsibility for

expert systems be centralized or decentralized?
Conclusign 19. Control Of expert systems shoyld be
cantralized at the same lgcation where the knowledge s
iocated. If the knowledge exi1sts at corporate headquarters
and the expert systam affscts the entire company, then
control should be at corporate headquarters. Locally
developed systems with only local effects, should be under
decentralized control.
fLonclusion 16. nsibj nin nn
I ] | , I | 1d | trali .

Centralized training avoids duplication of effort, affords
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economies of scale in both funding and training effort, and

provides standardization of training, including company

policies concerning expert systems.

n ion 17. HMajintenan X rs _should be
. decentralized as much as possible. Expert systems should be

maintained at the lesvel where the knowledge resides. If the
knowledge required to maintain the system is located at
corporate headquarters, then the maintenance should be
located at corporate headquarters. Some corporations
indicated that the goal of their company was end user
maintenance. This goal appears to be in harmony with user

involvement and acceptance policies or goals.

h LQn 7. What are the organic personnel
requirements for maintenance of an expert system?
Conclysion 18. A nnel reguiremen tween on
n m w . More than

half of the respondents had staffs between .S and 3 peaple

and the median staff size was three people.

Reseacrch Question 8. How will software deficiency

reporting be managed?”

Conclusion 19. Corporations are still learning the i
n h i n ' . Although fifty X

parcent of the respondents reported that in their company
the user reports to a responsible party, almost none of the
companies had established any type of formal reporting
procedure. Informal procedures, such as user reports to
design engineer, or user reports to responsible party at

corporate headquarters were in use but the majority of N

.
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campanias appear to have not yet reached a stage where they

feel that a more formal system for deficiency reporting is

needed.

R rch @ jon 9. How often should expert systems be
modified?

Conclusjion 20. Expert systems should be modified
wheney fFicien i n_an ui

basis. The majority of modifications, 78 percent, uwere
found to be unplanned modifications that have to be done to
maintain system performance. The remaining modifications
were For policy changes or to meet expanded functions, which
could be classified as planned changes. Planned changes may
be accomplished at periodic intervals but can also be done

on an as needed or an as required basis.

Research Question 10. How will configuration control be

maintained?
Conclusign 21. Companies ar learnjng th nswer
h uestjon. From the small number of responses and

the types of responses to the survey question, caompanies
apparently have not yet had time to address this issue. The
companies responding to the question only had an average of
13.5 months operational experience with expert systems,
which may not be enough time for problems with configuration

control to manifest themselves.

Research Question 11. How much should expert systems

cost the Air Force for maintenance?
Conclusion @2. Annyal maintenance costs cowld cogt from
gne to two dollars per rule for a PC hosted system to 150
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dollars per tyle for g mainframe hgsted system. The

disparity in costs is explained partially by the size of the
systems involved. The PC system averages 80 to 100 rules
and is frequently maintained by the domain expert. The
mainframe system is 10,000 rules and is maintained by a team

of knowledge engineers. There are other factors involved
but the maintenance costs will generally depend on the

application. The rule size 13 a convenient means of

comparison,
Conclysion CJ. Most expert systems are based gn the
eriginal inference enging. Based on the results of the

survey, the great majority, 73 percent, of axpert systems
are still based on the original inference engine.
LISP Af speed Of program execytion is amportant. LISP was

singled out by respondents as a problem area for

applications where speed of program executlon was impartant.

Research Question 12. Wwhat specific lessons can be

learned from organizatiaons that have successfully fielded
expert systems”?

Conglusion 25. There were several lessons learned 1in
fielding expert systems. Some of the lessons learnad are
presented.

1. Development.
a. Heavy user involvement is a must from the
beginning.
b. Top level management support is a must
from the beginning.
c. Survey for needs.
d. Look for an application where the
technology can be applied.
e. Lock for long range problems to solve,
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not problems that must be solvad neaxt

quarter.

f. Look for retiring expertise and try to

capture that expertise.

1 g. Pick projects that will be conspicuous.

{ h. Look for applications that will produce a
finite payback, increased productivity,
and/or enhanced product line.

i. Make sure the scope of the project is
boundad .

J. Let the domain expert pick his or her own
problem, where the daomain expert is also the
developer of the expert system.

k. An expert system without an ownar, the pasrson

charged with the "duty of care” of the system, .1s

L a recipe for failure. -- Oc Ed Mahlecr, Dupont, 4

June 1987.

1. An expert system 1s never finished.

m. The user interface 1s very important to user

acceptance of the axpert system.

-

2. Performance.
a. Minimum acceptable performance must bhe
specified 1n advance (36:198).
b. "LISP is not the language of the angels”
(24:38). The expart system tools bast fFor
resaearch are not the best tools for
operational systems (24:38).

v

3. Maintenance.
a. In-house maintenance 1s desirable for
cost, security, and control.
b. HMaintenance should be as decentralized as
possible.
c. The ultimate maintenance goal for an
expert system 18 to be user maintained.
d. Keep an audit trail of up-dates and
validate after changes.
e. You cannot JjJust "add a rule” to add more
knowledge.
f. Maintenance of expert systems 1s esasier
than for conventional software systems.
Y. Responsibility and Control.
a. Control should ba centralizad where the
knowledge is located.
s b. Centralized o~ decentralized control
should depand on the scope of the
application.

- v e W

T T W T W W v

S. Software Deficiency Reporting.
a., Software deficiency reporting procedures
should be tajilored to the organizational
structure, desires, and policies,

[ v
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b. Deficiency reporting depends upon the
application and the level of responsibility
for maintenancs.

2 6. Documentation. Some form of documentation is
:2 nacessary for the expert system user.

7. Personnesl.

a. Some staff personnel are needed for
training of tha users.

- b. If user maintenance of the sxpert system
is a goal then no additional personnel are
: naeded for maintenance of the system itself.

8. Configuration Control.

a. Users must be heavily 1nvolved.
o b. Keep management informed of all changes.
o c. The more knowledge gained about the
o problem, the more problems are encountered in
a maintaining the system.

Racommendatigns for Further Research

There are several aresas of expert systems management

*etet 0 e 0]

suggested by this study for further research. The areas
) recommended are costs of acquisition and maintenance,
" configuration control, documentation, centralized

. responsibility, and software deficiency reporting for expert

é systems.

c Due to the observed reluctance of the Fortune 500

. corporations to discuss costs, further investigation into

;. the reasons why this information is so sensitive could be

o very instructive. A hypothesis of the researcher is that
the cost is so high, for those companies still using

. ressarch tools rather than commercial shulls to develop

; non-user friendly applications, that these companies are

raluctant to admit a low rate of return on investment.

Another hypothesis suggested by the study is whether the

A AL,
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company with centralized responsibility for expert systems
is more successful than the company with decentralized
responsiblity.

Lack of experience in other areas of this research
effort, such as configuration control, documentation,
centralized responsibility, and software deficiency
reparting most likely contfibutad to the low response rate
to questions concerning those issues. A repeat of the
survey is recommended after an interval of ore or two years
to capture the additional corporate experience.

As the Air Force proceeds into the 1990s, artificial
intelligence will play an increasing role in the management
of scarce resources. As a subfield of artificial
intelligence, expert systems promise the most immediate
return on investment. As in most endeavors, lessons learned
and applied are mistakes avoided. This research has
demonstrated that there are valuable lessons to be learned

in fielding expert systems.
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Name

Company Name
Street Address
City, ST Zip Code

Dear H

In the past few years, knowledge systems have evolved from
laboratory experiments in artificial intelligence to fairly wide-
spread use in industry and business. The transition from research
prototypes to fielded systems is viewed by many as a major chal-
lenge facing managers today. 1In an effort to meet this challenge,
SRA is assisting in a research effort designed to help the U.S.
Air Force develop a strategic plan for the introduction and sup-
port of expert systems in its organizations.

As the essential first step in this research, we are gather-
ing data from Fortune 500 Companies on their planned and currently
fielded expert systems. I am offering you the opportunity to
participate in this mutually beneficial research effort by com-
pleting and returning the enclosed, Air Force-developed question-
naire. Your responses will be combined with others; they will not
be attributed either to you personally or to your company.

Your participation is vital. The results will be provided to
the Defense Department to be used to help shape its strategy for
introducing, exploiting, and supporting expert systems in the
future. We will also provide an Executive Summary of the analyzed
responses to any respondent to the survey that asks for it.

If, when you return the completed questionnaire, you can
include documentation on your expert systems(s) that would help
explain or clarify your answers, it would be greatly appreciated.
We are not soliciting proprietary information, but rather we seek
to develop a comprehensive picture of what the Fortune 500 Compa-
nies are learning in fielding expert systems. It would be a great
help to us in meeting our schedule if we could get your response,
via the enclosed pre-addressed envelope, by June 12, 1987.

For further information, contact Dr. Mary Dee Harris, at
(703) 558-7849. Thank you in advance for your invaluable contri-
bution to this research.

Sincerely,

Sherman Greenstein, Director
Artificial Intelligence Division
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LESSONS LEARNED IN FIELDING EXPERT SYSTEMS
A Questionnaire

Please check here if specific details of your work/answers are NOT
to be publicly released:
SECTION I

Company Information:

Company Name:

Nature of Product Line:

Individual Completing Questionnaire:

Position/Title:

For the purpose of this questionnaire, EXPERT SYSTEMS are defined
as:

A computer system that has stored in it the problem solving knowl-
edge of one or more human experts in a particular field.

1. Given the definition of Expert Systems presented above, does
your company have one or more expert systems in use, or under
development, to support any in-house activities?

Yes No

If Yes, how many systems?

If No, why not?

2. If the answer to question 1 was yes, please identify the
activity and briefly describe [for the system that has been in
use/development the longest]:

(a) its functions, (b) its objectives, (c) who uses the systen,
and (d) any other pertinent information regarding the system.

(a)

(b)

abatbeades af-af Lol Rl
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(c)

(d)

3. Please identify the Stage of Development, from the four
stages defined below, that most closely describes the Expert®
System(s) ycu are currently using/developing. Can your syste-
be defined as a:

QUALIFIED SYSTEM? Definition: A problem has
been determined to be a 31-0:
expert system opportun:ty vus
as of yet, no work has rpeen
done.

DEMONSTRATION PROTOTYPE? Definition: The system so.ves
a portion of the problem under-
taken, suggesting that the
approach 1is viable and sys%ter-
development 1s achievable.

FIELDED PROTOTYPE? Definition: The system i:+-
plays good performance w:th
adequate reliability ani =
being revised based on exter-
sive testing in the user
environment.

OPERATIONAL SYSTEM? Definition: The system
exhibits high qualityv, re.:.-
ability, fast and etficient
performance and is being used
on a reqular commercial basis.
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" 10. Please indicate the SIZE of your Expert Systems(s)
* (approximate number of rules or frames being used and the amount
» of computer memory required to operate the system in its cur-

rent/planned configuration, including data base):

o

R

. What is the average size of each rule or frame (i.e., the

. number of conjunctions/disjunctions in the rule antecedent or the
! number of slots/facets in each frame)?

4

R 11. Please indicate the approximate date system development began
] and the approximate date the system was (will be) ready to field

,é test.

g Development Began:

4 System Ready to

5 Field Test

12. What results/advantages have you experienced from this
application to date? (e.g., percent increase in productivity,
personnel reduction, cost-savings, etc.)

'£ What difficulties, if any, were encountered in scaling the

o, expert system up from the prototype model to the fully operational
. system?

"

g

LY

13. Please list any drawbacks to this application:
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SECTION II

o e

The remaining sections of the questionnaire are solicited in
an effort to see what lessons have been learned by those companies
that have actually put expert systems into operation and to elicit
"this is the way expert systems should be developed/fielded/
supported" comments where appropriate.

i e e =

%% ANSWER THE FOLLOWING QUESTIONS ONLY IF *%%* -
*%% YOU HAVE AN OPERATIONAL EXPERT SYSTEM #*#*%*

If secticn II does not apply to you, thank you for your time and
interest.

14. How long has this system(s) been in operational use within
your company?

How many end users actually use the system(s)?

15. Has this expert system(s) grown in size:
(rules/frames/memory requirements) If so, what was the original
size?

Has the inference engine been changed?

16. Has it been moved from one hardware/software system to

another (e.g., hardware: IBM PC to mainframe, etc.; software: i
LISP to "C", etc.). If so, what were those changes and what

lessons were learned?

17. What documentation (e.g., specifications, test plan, user's h
manual, etc.) has been established for the system(s)? Do you feel
this documentation is sufficient? If not, why not?




18. How is the system maintained?
Completely Contracted Out

Partly Contracted Out, Partly In-house (specify approximate
split %/ %)

Totally In-house

Why did you choose to maintain the system in this manner? (lack
of in-house expertise, cost, etc.)

19. 1Is there a central organization within your company with
primary responsibility to oversee the acquisition, fielding, and
maintenance of your expert system(s)?
Yes No
If so, how many people staff this function?

If not, has your company ever had, or planned to have, such
an internal organization?

Yes No

20. What lessons have been learned by your company as to the
necessity of centralized versus decentralized control of expert
systems within your organization?

21. How is software deficiency reporting for the expert system(s)
handled in your company? (special forms required, who reports,
who receives reports, who acts on reports, etc):

22. How often is the system modified? (e.g., quarterly, whenever
deficiency detected, policy changes, etc.?)
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Contractor and/or

23. Who performs the modifications?
In-house knowledge engineer(s)

What lessons have you learned regarding system updates?

24. How is configuration control of the system being maintained? .
Is configuration control a problem? What recommendations do you
have regarding configuration management of expert systems?

25. What verification/validation procedures of the expert
system(s) work best for the company?

26. How is the system's performance measured? (e.g., what
criteria, such as accuracy of advice, time to complete a
consultation with the system(s), etc., are used to evaluate
performance/usefulness?)

27. What were/are the approximate system costs (in dollars or
staff-months or both) for:

Acquisition (from decision to buy until system was ready to field
test):

Annual Maintenance (documentation, 24-hour call-in service,
etc.):

28. In hindsight, how could costs of acquiring and maintaining
the system(s) have been reduced in the planning and implementation
phases?

Thank you for your time and interest.
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1. I will be recording this interview as a backup for my
notes.

2. GBGo over questions from questionnaire where responses
wers left blank or responses were unclear.

3. Wwhat were/are your approximate system costs for:

Acquisition (from decision to buy until sgstem was ready to
field test):

Annual Maintenance (documentation, 24-hour call-in service,
etc.):

4. How do you Justify the costs?

5. How do you identify the cost benefits?

6. In retrospect, how do you feel the costs of acquiring
and maintaining the system(s) could have been reduced in the
planning and implementation phases?

7. UWhat results/advantages have you experienced fraom this
application to date? (e.g., percent increase in
productivity, personnel reduction, cost-savings, etc.)

8. How do you measure thase raesults?

9z
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9. How is the system’s performance measured? (e.g., what
criteria, such as accuracy of advice, time to complete a
consultation with the system(s), etc., are used to evaluate
performance/usefulness?)

10. How often are formal evaluations of systems respeated®

11. How is your system maintained?

____ Completely Contracted Out

_____ Partly Contracted Out, Partly In-house
____ Totally In-house

12. Why did you choose to maintain the system in this
manner? (lack of in-house expertise, cost, etc.)

13. In-house: Whao maintains it, is it a full time job, or
does the maintenance parson have another Jjob?

14. In-houyse: Do the same maintenance personnel have
responsibility for several different systems?

15. How is software deficiency reporting for the expert
system(s) handled in your company? (special forms required,
who reports, who receives reports, who acts on repaorts,
etc):

16. How often is the system modified? (e.g.,quarterly,
whenever deficiency detected, policy chang=s, etc.?)
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17. Who performs the modifications?

Contractor and/or ~ In-house knowledge engineer(s)

What lessons have you learnsd regarding system updatas?

18. How is configuration contraol of the system being
managed?

19. 1Is configuration control (standardization) a problem?

20. What recommendations do you have regarding
caoanfiguratian management of expert systems?

21, What verification/validation procedures wark best for
the company®

22. How do you make sure the verification and validation
are done correctly? (test cases?)

23. 1Is there a central organization within your company
with primary responsihility to oversee the acquisition,
fielding, and maintenance of your expert system(s)?

Yas No

24. If so, how many people staff this function?
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eS. What are their duties?

26. What are their backgrounds?

27. If not, has your company evet had, or planned to have,
such an internal organization?

Yes No

e8. If not, why not?

29. UWhat lessons have been learned by your company as to
the necessity of centralized versus decentralized control of
expert systems within your organization?

30. Wwhat documentation (e.g., specifications, test plan,
user's manual, etc.) has been established for the system(s)?

31. Do you feel this documentation is sufficient? If not,
why not?

32. How long has/have your system(s) been in operational
use within your company?

’

33. How long does it take to get from a prototype to a
fielded systam?

3%. How many end users actually use the system(s)?
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35. Wwhat difficulties, did you encounter in scaling the
expert system up from the prototype model to the fully
operational system?

36. Were there any drawbacks to the application?
37. How do you decide on the applications to pursue?
38. Do you do any cost-benefit analysis to decide which

applications to pursue?

39. What factors did you consider in doing the cost benefit
analysis?

$0. Has this expert system(s) grown in size since the the
system was first fielded? (rules/frames/memory requirements)
If so, what was the original size? What is the size now?

41. Has the inference engine been changed? How? Why?

42. Has your system been moved from one hardware/software
system to another (e.g., hardware: mainframe to PC, etc.;
software: LISP to "C”, etc.)?

43, If so, what were the lessons learned?
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Appendix B: Freguency Jables
by Survey Question

SURVEY QUESTION #1.
Number of Expert Systems per Company.

. Response # of responses

o 11

1 B

2 3

3 3

4 S

S 2

6 =
12.5 1
20 1
3s+ 1
600 1
726.5+ 36

na. of companies participating: 3% [Note 11
no. of questionnaires returned: 37 ([Note 21

mean number of expert systems
per company: 22.9

median number of expert
systems per company: =

. standard deviation: 105.6
Note 1: Two companies returned two questionnaires each.

Note @: OF the companies not participating,
only one returned the questionnaire.
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SURVEY QUESTION #2a.
Expert System Function.

Response # of responses .

diagnosis/troubleshooting B8
simulation =
cost estimation 1 ]
configuration e ;
scheduling 2 !
inventory control 2
quality control 1
selection of alternatives 1 \
expert assistant 1
embedded system 1 .
auto data processing 1 ‘
sequencing Jjob orders 1

24

no. of companies
answering this question: 34

mr=t common use of
expert systems: diagnosis
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SURVEY QUESTION #2c.

Users.

Response

# of responses

gngineers (various types)
analysts (various types)
technicians

managers

mechanics

pilots

sales personnel
scheduling personnel
inventory control personnel
quality caontrol personnel
production control personnel
supervisors

specialists

scientists

operating plant personnel
chemists

petrologists

operators

marketing

hourly workers

foremen

PR R PR R pRER R R EReR eI WWM

no. of companies

answering this question:

34

most common user of expert systems:

93
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SURVEY QUESTION #3.

Development Stage.

Response Company Number
Experience of Systems
Qualified System 3 2009
Demonstration Prototype 8 1014
Fielded System 7 508
Operational System S 105
23 3636

no. of companies
answering this gquestion: 23

median stage of expert system

develapment by a company: Fielded System

Note: The company experience column reflects the mast
advanced expert system reported by each company, an
operational system being the most advanced.
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SURVEY QUESTION #4.
Expert System Hardware.

Rasponse # of responses
Persanal Computar (PC) 19
Large, Dedicated AI Workstation 10
Minicomputer 9
Mainframe 6
Special Architecture 1
4S5

no. of companies
answering this question: 34

most common hardware base for
expert systems: personal computer

Note: Some questionnaires contained more than
one response to this question.
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SURVEY QUESTION #S.
Expert System Programming Language.

Response # of responses

LISP

KEE

PSS

ART

Goldworks
Insight, Insight II+
n.1

PC+

PC Easy

Tl Personal Consultant
COBOL

Knowledge Craft
Other Proprietary
ADA

AON

ESE

Fortran

GURU

MDBS

RTHMS

S.1

PRREREPRPEPELADRDDWURPOW LSOO N

no. of companies
answering this question: 23

Note: Some questionnaires contained more than
one response to this question.
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SURVEY QUESTION #6.
External Links to Expert System.

Response # of responses

Data Base(s) 1
Existing Hardware/Saftware
None

Communications

Mainframe Computer
Graphics

External Sensors, Devices
Library Routines

SNA linked to many users
Speech Synthesis

Text Entry

PRI LUWIRgP

38

no. of campanies
answering this question: 20

Note: Some questionnaires contained more than
one response to this question.
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SURVEY GQUESTION #7.
Expert System Development.

Response # of responses
Caompletely In-house 24
Campletely Contracted Out 2
Partly In-house/Partly Contracted Out 6
32

Percentage of In-house Development
Reported for Partial Response:

80 1
75 1
40 1
20 1
10 1

5

no. of companies
ansuering this question: 23

Note: Some questionnaires contained more than
response to this question.
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SURVEY QUESTION #8.
In-house Expert System Developed by:

Response # of responses
End Usars 2
Service Organization 10
A Mix of Both the Above 13
25

Percentage of End User Development
Reported for "Mix” Response:

30 3
50 =
8o c
S5 1

7

no. of companies
answering this question: 23

Note: Some questionnaires contained more than
one respanse to this question.
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SURVEY QUESTION #9,
Sizae of Staff Devoted to Expert Systems.

Response # of responses

o) 3
0.5 1
1 2
1.5 1
2 3
3 3
5.5 1
(3] 3
7 1
a 1
10 1
15 1
25 1
50 1
23

no. of companies answering
this question: 23

mean size of expert systems
staff per company: 6.85

median size of expert
systems staff per company: 3

standard deviation: 11.01
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SURVEY QUESTION #10a.
Expert System/Data Base Size.

-
)

Response # of responses

- v D -

Expart System

Unknown/NA
20r . /840K
30r.

SOr.
60r . /400K
75r . /640K
90r.
100r . /640K
125c.+35 Fortran SBR.
1S0r.
200r.
2S0r.
260r . /640K
300r . /640K

$S0r .

500r.

S00f .

B65S0r .

20, 000r.
2-16 Meg

Tt w0

i - -

-
-

-

= K e e

1Y)
ul P T I S | S ey e el ol o VL N g

Data Base

P " - -

8 Mb RAM
SKb-'Mb

400 b DOisk

1.2 Gigabytes
"Gigabyte range”

el ol o

Al

' I no. of companies answering
this question: @20

Note: Some questionnaires contained more than
A one raesponse to this question.
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SURVEY QUESTION #1i0b.
Expert System Rule/Frame Size.

Respaonse # of responses

Unknown/NA

4

P

Varies

7-10

6 C/D per rule
3.6 pat/join
10 slots/frame
10 conj./rule
3.7 ant./2.2 actions
7 slots/frame
3 conj./disy.
s-8

S or 6

10-20

3
3
3
1
1
1
1
1
1
1
1
1
1
1
1
21

no. of companies answering
this question:
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SURVEY QUESTION # 11
Expert System Development Time.

o Bta abo T AN

Response # of responses
1-6 ma. B
7-12 mo. S -
13-18 mo. 3
19-24% mo. 3
25-36 mo. 3
no completion given =4

no. of companies answering
this question: @@

mean: 15.76
standard deviation: 11.03
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SURVEY QUESTION #12a.
Expert System Results/Advantages.

! Response # of responses

; naot applicable 3
\ difficult to quantify 1 -
' not quantified 1
still learning 1
unknown 1
too early to predict 1
' no evaluation available today 1
) no objective data available currently 1
' 200% productivity increase 1
! ability to build simulation
proving concepts 1
more effective use of expert’s time 1
f enhanced product performance 1
better problem solutions 1
should lead to lower lost
time outage costs 1
increased quality 1
identification of data anomalies
in the data base 1
better understanding of analysis process 1
capture scattered knowledge 1
goal: BO% personnel reduction 1
10 to 20% improvement 1
training 1
proprietary infaormation -
cost savings encountered 1
1500% return on total cash effort 1
. significant increase in diagnosis
4 success rats 1
¥ 26 !

no. of companies participating: 21

; Note: Some questionnaires caontained more than
y one response to this question.
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SURVEY QUESTION #12b.
Difficulties in Scaling Up System.

Response # of responses

nane

system became slower

performance

proper user interface

meeting the requirements
of a robust system

real time processing

some degradation in speed

biggest problem—-common bandwidth
bstween mainframe and workstation
is too slow

hooking expert system to data base

moving fram custom LISP based
language to a commercial
shell took 1% months

developing appropriate user interface

delivery system will have to
run on a workstation, not
a LISP processor

sof tware engineering in LISP
is not so well understood

in process

greater need for knowledge
acquisitoion tools to trace
through knowledge elements

more work than anticipated

not yet scaled up

not applicable

nog major difficulties

=P e N

-

- - [

-

o T e

25

no. of companies
answering this question: 19

Note: Some questionraires contained more than
one response to this question.
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SURVEY QUESTION #13.
Drawbacks.

Response # of responses

none 6
hardest part is maintaining 1
none of field people know how

to estimate manually 1
system did not adequately

reflect user attitudes 1
first application was much more

difficult than hoped 1
knowledge acquisition 1
getting data from the main

frame is too slow 1
performance (spgon to be moved

to "C” 1
expert system not used daily 1
appropriateness of LISP to

meet requirements of a

robust system 1
lacks probalistic features 1
heavy reliance on pattern matching 1
expert system results in a complex

computer environment
took too long to develop 1

19

na. of companies
answering this question: 186

Note: some questionnaires contained more
than one response to this question
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Response

SURVEY QUESTION #14a.
Length of Time Operational.

# of responses

0.5-6 mao.

7-12 mo. -
13-18 mo.

19-24% mo.

25-36 mo.

37-48 mo.

10 yrs.

PnuoOnppwow

no. of companies answering
this question:

mean:
median:

standard deviation:
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SURVEY QUESTION #14b.
Number aof End Users.

! Response # of responses Ty
1 1
2 - 1 !
3 1 ‘
4 1
5 1
14 1
20+ 1 |'_
80 1 K
200 1 X
3000 1 "
\J
10
no. of companies answering N
this question: 10 '

mean number of end users: 332.9 y

median no. of end users: 9.5

“

standard deviation: 838.2 /
1

)

i

t l.:

g

N

b

»!

5
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SURVEY QUESTION #15a.
Expaert System Grawn in Size?

Response # of respanses

Yes a8
No =

10

no. of companies answering
this question: 10
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SURVEY QUESTION #15b.
Inference Engine Changed?

Response # of responses
Yes 3
No B
11

no. of companies answering
this question: 11
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SURVEY QUESTION #16.
Has Expert System Been Moved?

Response # of responses
Yes 4
In progress 1
No S
10

Lessons learned:

Double time given by vendor
to convert from LISP to KEE

Converted from Prolog to "C”
because "C” much faster

Re: hardware change, system
should have been redesigned

no. of companies
answering this question: 10
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SURVEY GUESTION #17a.

Response

Documentation.

# of responses

,,,,,,,,,

user manual

specifications

none approved

user instructions

on screen user guide

user guide

operating procedure

user data

program listing

complete documentation
of code

decision tree diagram

security system

none

PEerruFRrerRrn

[

16

no. of companies

answering this question: 10

Note: some questionnaires contained more
than one response to this question




SURVEY QUESTION #17b.
Documentation Sufficient?

Response

# of responses

Yeas

adequate

effective

a little insufficient

no, paper doc. (vs. online)
is almost impossible

[l Sl TV

[y

no. of companies

ansuwering this question:
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SURVEY QUESTION #1Ba.
Expart System Maintained:

Response

# of responses

Totally In—-house
Completely Contracted Out

Partly In-house/Partly Contracted Out

Percentage of In-house Maintenance
Reported for Partial Response:

10

no. of companies

answering this question:
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SURVEY QUESTION #19a.
Central Organization to Oversee Expert Systems?

Response # of responses
Yes 3
No 8
11

na. of companies answering
this question: 11
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SURVEY QUESTION #13b.
Expert Systems Central Organization Planned?
Response # of responses
Yas e
No S
7
no. of companies answering
this question: 7
1ee
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SURVEY QUESTION #20.
Centralized Control Lessons Learned.

' Response # of responses
)
v user control planned 1
Al group had limited success in
o selling itself in some areas 1
duplication of training muddies
emplayment waters 1
central maintenance preserves
the integrity of the system 1
! believe both approaches to be
D beneficial 1
user needs are paramount 1
y issue not addressed at this time 1
economies of scale lost with
decentralized control 1 i
duplication of training effort
j with decentralized control 1
S

) no. of companies
answering this questian: 8
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SURVEY QUESTION #21.
Software Deficiency Reparting Procedures.

Response # of responses

request forms to EDP

verbal

reported by user, field management,
industrial engineers

reported by users to responsible
person at corporate HQ

user to design engineer

users internally

no formal system planned

not done except locally

no. of companies
answering this question:
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SURVEY QUESTION #22.
How Often Is Expert System Modified?

Response # of responses
caonstantly 2
continually updated 1
whenever necessary 1
whenever deficiency reported e
as required 1
during policy changes 1

occaisionally, to meet
expanded functions 1

no. of companies
answering this question: 3
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' SURVEY QUESTION #23.
Who Modifies Expert System & Lessons Learned?

Response # of responses

R in-house knouwledge enginears 8

in-house domain experts 1

A contractor 1

% mix ~- 10% in-house, 90% contracted 1
'y e

11

Lessons Learned:

domain experts are never satisfied
“ design and simpler coding equate to 100X in-house
maintenance
¥, can be accomodated more readily than conventional system
> keep an audit trail of updates and validate after
B changes
. you cannot Just "add a rule” to add more knowledge

: no. of companies participating: 11
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Appendix C: Transcripts

'ﬂ The Dupognt Visit

N EM: All I can do is tell you how Dupont did things and that
it’s not a prescription for how to do things but an example

of how a large, diversified manufacturing company set about

a specific problem of AI, but more generally, we’'re running

a management experiment on how you do technology transfer.

-

How do you get 1t from an i1dea, whether it be from academia
or where it is, and turn that idea into [garbled] production
operation day-to-day. And in our case it’'s almost
invariably a 24 hour a day operation, seven days a week. UWe

could stack up papers this high [about three feetl on how

) AT YT at

not to do it. We've got lots aof experience on how not to do

it and take ten years longer than you need to....

. Let me talk about why we have a correographed corporate
effort and contrast Al work to other things, discretionary

| effort. The return we get on discretionary technical

effort, 1in general, 1s about 10 to onme. That i1s, we will

make, if a technical person costs us $50,000, we can expect,

if they are doing improvement work, that they will create

'..’-
-

about half a million dollars worth of earnings every year

-

they're doing it...but the annual return, we think, 1s about

10 to one. Our experience with Al systems has been about 15

to one.

3 LE 2 ]

-
w e AE » A
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EM: Our approach to it has been to build and deliver on
existing hardware. We don't have any deliveries in LISP.
We now have about sixty-odd routine commercial systems and
another 500 that are in the wings.

MK: Let me stop you there for a minute. When you say you

don’t have any deliveries in LISP, what about any of the
higher level shells like KEE or fgarbledl. Everthing you’'re
doing is on PCs?
EM: No, about half the systems we’ve written are on VUaxs,
oK~?
MK: What are you using? You said you're not using LISP; so
are you using S.1 or samething on the Uax?
EM: No, we're using a toolkit we wrote internally, because
there wasn’t angthing written for the VUax, and it turns out
that it’s written in RS.1.

W
MK: Did you do any developments, like you started an
Symbolics [garbled] and it didn’'t work or you Jjust never
moved in that direction because you didn’t need to?
EM: I continue to have about 10 LISP machines in the
company, all in research. Currently, I'm sponsaring a four
departmental evaluation of KEE. We think if it has a role,
it’s in the area of conceptual design. I[If you look at
expert systems, we think there are foir: diagnosis and
therapy; structured selection, how do I sell the guy the
right thing from among 20 choices; the configuration
problem, really a checklist, how do I get this together
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right; and the fourth one, the planning and scheduling
problem, which is really the structured selection problem
with an infinite number of choices. The big problem is how

do you narrow infinity down to a manageble number.

* % %
EM: What we’'ve found is that ... if you’re going to uwrite
one of these four general types of expert systems, and I
haven't seen any others, ... the criteria you use 1is from
the day I decide to write it to the day it’'s commercial, the
day it’'s in routine use by the end user, as the time frame,
what you’ll find is that if you write it in one of these,
let’s call them Lotus type packages, because no programming
is required, you can write about a rule an hour. If you
write it in a language, and it doesn’'t really matter much
which language it is, we’ve done some in Fortran, and we’'ve
done some in LISP, you’ll write about a rule a day. There's
a factor of eight in productivity of eight, maybe it’'s ten,
but it's on an order of magnitude. You do one of two
things, either you are more productive by a factor of ten or
you increase your opportunity base by a factor of ten. we
found that if you can put it in the hands of the end user,
then you’'ve opened up the mainstream of the business.

& % &
EB: VYour article said the functional guys are doing this,
not ADP guys...
EM: Right...
MK: When your functional guys do it, do you give that to
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them as their full time job? Or are they still doing other
things....

EM: They’ve still got their other jaob. It’'s just part
time. In fact, what we find is the calendar time to do one

is about four ”X” [times] the effort time. People tend to

work on it about a fourth of the time, or less. They Just
have their other Job and the reason they’ll work on it, and
frequently they’ll work on it at nights and weekends is
because it has such value to them, because it’'s going to
save them the three A.M., call to them.

The reason we think it’'s so important to faorce it on
those guys is the “duty of care” issue, who’s going to
maintain it.

EB: How do you standardize it? ... We've found that a lot
of the people have got their own set of infaormation in their
desk drawer ... not only do they have information in the
desk drawer but they have written some unique software at
that location that makes the operating system at that
location different from another location, when in fact they
are supposed to be the same. How do you prevent that from
happening?

EM: First off, it’'s a matter of degree. If we’re in the
titanium dioxide business we don’'t care what the electranic
imaging business is doing.... The reason people put their
cheat sheet in the drawer is usually that the data is
bad.... The real problem is that on a consultation, you
gotta deliver the facts. Step one in Jjust about everything
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we do is: you have to gather up the data, and gather it up
electronically....

In Dupont, our knowledge, particularly in the diagnosis
and therapy world is so disperse that centralization and
standardization is a mistake. You Just say, give people
aids to fix their Jjab.

Now when you get to things like selection in a marketing
environment or configuration, which now you’'re saying "I
want my SO salesmen to all use the same one.” What we try
to do there is tag an owner. In an organization, the owner
has the "duty of care” of maintenance. That includes the
whole ball of wax, that includes building it usually,
maintaining it, but making sure that the data, the fact
data, gets updated....so what we do on things that do need
standardization is make somebady have, owns it. In fact,
one of the things we do as a part of our go/no—-go decision
is, if in the first week we camnnot identify an owner, in the
sense that we put "owner”, and he’ll sign his name, we quit,
we Jjust don’t work on it.

MK: How do you do that go/no-~go decision? How do you
identify applications to work on?

EM: It depends on the people to identify them.... The
facts are that the people down on the floor that are getting
beat up every day know what the problems are....

MK: Do you do any cost-benefit analysis at all, to decide
whether or not you're actually going to let them spend their
time letting them develop this thing?
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EM: Well, very subjectively, and very quickly,
back-of -the-envelope stuff. And the reasons are, if you're
making 1500 percent return, it really doesn’t matter if it'’s
1500 or a thousand, or two thousand, you don’t want to spend
too much time figuring out how much it is, you Just want to
do it. If your bailout position is a week, by the time you
spend a week’s analysis, you could have already decided
whether or not you want to do it or not.
MK: How do you do that back of the envelope stuff? What
are some of the factors....
EM: Some of the factors are: most people, when they have a
problem, in our world, they know what the problem’s worth.
Or they can say, it’s worth about this much. If they don’'t
know, we usually let them go ahead, anyway. And the reasons
are: if a problem is creating organizational stress, the
mere fact that it creates that stress creates a lot of time
spent solving the problem, that you just do it on faith....
If the organization views it as a problem, solving it will
be economical. So, those that you really can’'t nail the
quantification on, we don’t worry much about, we go ahead
and do them. What you find, after you do it, is you can
look back, and say, hey, that made a lot of money.

LL 2 ]
ErM. The ome thing we won’'t do centrally, I will not build a
system.... I believe that is a prescription for failure,
because after I build it, and it doesn’'t matter what I build
it on; I could build it on LISP, whatever'’'s most productive,
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and I get it built and I hand it to him and it’'s like buying

a case of eggs. Who'’'s going to take care of it? Who's

Q‘ . going to be concerned that it doesn’t work properly?

;: I o

$ i EM: Since we’ve gone to say, we’'re going to be in existing
.

ﬁ- hardware, build on existing hardware, we really haven’'t had
Xy

% to fight for computer resources.

e

e L3 2

r:i

I EM: Let me talk a little bit about the central activity we
}: have here because basically, what we've said is that we're

going to push everything out as well as we can....

B! Sometimes the owner is not necessarily the person who

! actually builds it. The owner is the person who actually
- has the "duty of care” of getting it built, of getting it
) maintained, and they may call upon a systems person to do

' that. One thing you’ve got to be sure of: if everybody owns

o it, nobody owns it, and it will die.

¥

)

L} “* % *

M

‘W)

,@ MK: Tell us about your Al network and how do those peaple

cammunicate. Do you have any Formal or informal

% organizational structure?

‘ EM: My group is about a dozen folks and we run the helpline
and we have knowledge; we’ve tried to put together a data
base of applications....

EB: It's like a mailbox then, to avoid duplicatins?

@ EM: Right. The second thing we did, of course, we said 12
Q: people across 30,000 was awful dilute, so we need some

B
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organizational structure. There already existed an
information exchange group...it meets every other month and
now has about 400 electronic distribution people and the
meeting usually draws about a hundred. Last October I

formed a group of site coordinators who are really my second

arm and that’'s my local representative, who doesn’t report
to me direct or indirect. He's simply a volunteer, site
coordinator, who has the duty of care of making sure the
people at his plant know what's going on at other places.
He’'s kind of the helper, I give him a little more training,
whatever he wants, so he is my extension at each little
site. And by site, a marketing group might be a site. Some
plants are big enough there tend to be two site
coordinators.

L 2 2 ]
MK: How many applications have you actually fielded today?
How long have you had them fielded and the systems that your
pecople are warking, what kina of success/failure rate are
you experiencing and why do you think the failures
Cinaudiblel?
EM: Let me talk about the success/failure ratio. Ninety
percent, or nine out of ten...
MK: So, 90 percent success rate?
EM: Ninety percent of the ones we start on we finish and
are successful. Ten percent fail, and they fail because we
can't find the owner.
MK: When you say you can’t find the owner, I thought you
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said your philosophy was the owner identified the problem?

EM: Sometimes the guy will identify, and the group, it kind

of , they kind of fiddle around. So

in any work group,

sometimes we would come in and help to get some ideas

we'd participate. If we participate, the point

together,

is, that the organization can’'t look someone in the eye and

identify the owner.

EB: How do you know if the things are successful?

EM: We sample, and they could lie to us, but what we do is

run a survey., We just got through running a survey...how

many systems are you working on, how many were successful,

how many failed....We survey every six months. I send out a

little one page questionnaire, guaranteed five minutes, it's

boxes, check the boxes, and you only have to write one word

stuff, with an envelope to send it back to me.

EB: How much training are we talking about...”?

EM: The training we give is two and a half days. In that,

what we teach is, we assume they know nothing about Al, so

‘"there’s an introduction to AI, elementary knowledge

engineering, not PhO stuff, but encugh to get your job done;

and then we teach them the mechanics of three knowledge
engineering tools.

MK: What tools do you use?

EM: The tools that we teach are toolkit internal, for the
Vax, same thing as R5.1. We teach Insight II+, and we teach
First Class,...B85 percent leave the class with a working
prototype, usually tends to be about 20 rules.
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MK: Your training is two and a half days. How do you
select people to go to training? Do you pick anybody? Do
they have to have any prior background in programming or?
EM: No, thay just volunteer.
MK: Nothing, they don’t even have to know how to write a
text File®?
EM: Most of them don’t even know how to write a text file.
What we'’'ve found is the best user is the one who uses E-mail
and a spreadsheet, that level of capability. Anything above
that is fine.

W
MK: You said you had 12 people that work as a central
group. UWhat are the kinds of things that they do7?
EM: We train. They all do all aof it. I rotate the
helpline once a week, because you can do anything for a week
and the helpline is the most miserable job in the world....
Everybody trains. We teach both here and remotely. We have
a set of 10 compacts and rather than have somebody come to
central class we go out to the plant and teach....
MK: How many people do you train at a time?
EM: Up to 20.
MK: With one instructor?
EM: Two instructors. It is about, more than 50 percent

hands on; very little lecture...what we also do is joint

prototyping....
“ne
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MK: Once the applications get done, how do you make sure i
the verification and validation’'s done correctly? 0Or do you

worry about that?

EM: Ah, the business baoys do that.

MK: So, that’'s their job, to make sure it’'s tested properly

EM: I wouldn’t know whether it

MK: and it meets policy and all that? f
EM: And all that stuff. Because we don't have a prayer of

doing it; everybody’s got different policies, and how do you

do validation anyway? You do case studies until it gets the ;
wrong answer, then you put in the stuff to fix it. That

ought to be done locally.

MK: Do you teach them how to do validation and testing in 3
this two and a half days?

EM: The way we test; we tend to build the prototype and we

believe you want to get the ultimate end user involved when

it’s dirty, as soon as possible.... The prototype turns

into the real thing so the validation tends to be, you know,

I like to say that expert systems are never done.

PB: You mentioned right at the beginning [(garbled] return ]
on investment [(noisel how do you figure that?

EM: You only write two checks: to your employees, to your
suppliers [garbled] The way you do it is the same way you do
it in all other projects. You take the real caost to you and
say, "this is the only one I got, how do I create the
alternative cost sheet. Uell, somebody does an engineering
estimate of what it would have heen had we not done this,
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That’'s no different than anything else and I don't know any
way other than that.

PB: How do you Jjustify the costs, how do you identify the
cost benefits?

EM: [inaudiblel] you can work a week and try to figure out

whether it's any good or not [garbledl it’'s a riskless start
Cinmaudible]
PB: Do you have any planned benchmark for increased
productivity or cost reduction on these things?
EM: Globally, I want to make a 150 million dollar impact
PB: For each system?
EM: No, that’'s total. Now each system, a standard system,
is going to make a 100,000 bucks and it’'s going to take a
month to build. That’'s what we’'ve seen. That's average,
some are more, some are less. Some take a week and some
take two months.

L2 2
PB: Do each one of your end users go to this class?
EM: Just the owners, Jjust the builders. To use them, it's
Just question and answer stuff.

L X 2 2
MK: How long does it really take you to deliver on an
application? You send somebody to school for two and a half
days and yc i1 go out into the field fFor two days and help
them prototype. How long before they'’'re actually delivering
something back to their management?
EM: ...They deliver in about four months. ...From the time
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they get started till it’s a commercial and routine use.
2 2 ]
MK: When you say you put a system in the field in four
months, what’'s the average size of that system?
EM: QOur average size has turned out to be 80 rules.
HK: Everything rule based?
EM: Yes, essentially évergthing is rule based.
0 0 0
MK: What are the backgrounds of the people in your Al
group?®
EM: PMarketing research with a masters in Comp. Sci. and a
PhD in marketing research
Information systems, an MBA
Process control, I belive he is an electrical engineer
Chemical engineer
Chemist, 10 years experience
I don’t have anybody that has any formal Al training.
#* e
MK: What’'s your most successful system?
EM: Probably the scheduling system we built. We did it
after three different LISP people had failed.... It has
sconomic impact across the company.... The LISP people who
were going to write it in code said they could give us a
prototype of one piece of the problam in nine months and I
forget, 7 or 800,000 dollars. UWe tried it with Knowledge
Craft and spent 100,000 dollars and stopped because it Jjust
wasn't going to work. We wrote it completely in a 1000
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bDB: 1 assume this is why you really came. What I am
presenting is not the opinion of UNISYS caorporation. It’s
the opinion of us and, in many cases, the opinion of me....
1'd like to go through the lessons I think we’ve learned,
some important lessons I think we haven’t learned....

Lesson learned number one is that I think expert systems
are helpful and useful in some problems that involve
logistics analysis. Things that it is particualarly useful
for are problems that feature rare but important exception
cases...things we can’'t effectively salve by conventional
techniques, and things that are significant cost drivers.

L2 2

One thing that ['ll throw out is that expert systems are
not only a tool to build things, but also in effect, an
analytical device. The process of building an expert system
helps you analyze a problem

L 2. 2

One of our most impartant findings 1s that expert
systems promote a more uniform and objective analysis....
People have diverse backgrounds and we want them all doing
the same things. [t helps to establish a more objective
evaluation procedure.... T~nsuring the continuity of
knowledge is if people quit you have some grasp of what they

were doing....

L 2 2
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Another very important one from cur perspective is an

expert system that’s really delivered as part of a more

E conventional system. By that I mean the communications, the
;' data base...all that is not Al, it’s Jjust software

i engineering.... You should be focussing not on I want to
r build an expert system to solve this problem but [ want to
: solve this praoblem. So, it’'s a systems engineering
o function, not a knowledge engineering function. That's a
é; very important distinction. A systems engineer should also
q. be a knowledge engineer but he should first be a systems
; engineer. When he looks at the problem he shaould first
? partition the problem and use the appropriate software taoals
& to take care of the various parts of that problem....
N L 2 2 4
é Expert systems are effective extensions to existing data
N base systems.... Building and maintaining data bases is
N very expensive.... Expert systems are particularly
E effective if the problem involves large amounts of complex
; data which a human expert would find difficut to manage....
3 Expert systems are useful when only a small partion of a
E large volume of data is necessary.... Allowing the user to
$ accumulate, view and manipulate the data in a workstation
i environment is a very useful thing to do from a productivity
'E viewpaint....
5 Lesson learned number five: expert system development
"{ requires good front-end analysis, Jjust like a conventional
I: system. By that I mean you focus on the problem and take a
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systems engineering approach to the problem.... Build a
prototype during concept definition.... HMaintain a systems
perspective; don’t just concentrate on the rule base.
Sometimes expert system strategies are applied to problems
which are simply ill-defined.

L 2 2 2
EB: How many rules do you have in this system?
DB: It changes daily, currently there’s about 50. [ expert
to see a 100 to 150.
MK: What is the average size of the rule?
DB: Probably four to five premises and probably three ar
four actions.

L2 2
DB: The key to the issue [controll] is you have to maintain
control over the contents of that rule base. How you choose
to do that is entirely up to you but you can’t allow tuwo
users of different cycles to Just go off and start changing
things, because if the content of the system starts to
diverge, you've lost a lot of the benefit of the system,
which is a consistant approach, and God knows, [ hope you'll
want to verify those changes in some fashion. I[t’'s possible
to put in rules that directly contradict each other and most
shells won't tell you that you did that....

L L 2 )
WR: There are users out there that ... if there is a
problem or an enhancement they want to make, we'll pop a
copy of the official controlled version of the program off
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to them, let them make the changes, we’ll review it, we’ll
make sure it's tested right, and when it works, it’s in the
system in the production mode.... The trick is that the
folks have to remember that there are configuration control

issues and you can’'t let that stuff slide....

DB: 1 tend to feel that most expert systems in logistics
will be an expert assistant.... Logistics matters are money
matters and decisions that you make affect large flows of
money all over the place, therefore, it's highly unlikely
that any inventory manager would allow a system to initiate
a procurement without signature, without any intervention.
If that's true it requires additional emphasis on the
interface....

Clearly distinguish between research, feasibility
studies, and production development. They’'re all differant,
they all have a different intent, and they all require, in
my opinion, a different approach....

Reasons why [ don’'t feel that if a conventional system
will do it you should build an expert system.... The
quality assurance issues: how do you know when you're done?
How do you validate and verify? ... The maintenance and

support issues, the hardware and software you put it on...
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